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EXECUTIVE SUMMARY

The purpose of this Phase 1 Treatability Study was to develop a biological treatment technology
for perchlorate that could become part of the Baldwin Park Operable Unit Steering Committee
(BPOUSC) Consensus Project for remediating various plumes in groundwater in the cities of
Azusa and Baldwin Park. The study utilized a biological reduction process consisting of a fixed-
film bioreactor. The fixed film of biomass is attached to granular activated carbon operated as a
fluidized bed (GAC/FB).

The following study objectives were accomplished:

• The GAC/FB technology successfully treated groundwater with perchlorate concentrations
representative of that anticipated in the San Gabriel Basin to an effluent concentration of less
than the laboratory detection limit of 4 ug/L, which is less than the DHS provisional action
level of 18 ug/L.

• The GAC/FB technology successfully treated groundwater with nitrate concentrations
representative of that anticipated in the San Gabriel Basin to less than the laboratory detection
limit of 0.1 mg/L.

• This treatability study demonstrated the effectiveness of a food industry source of
microorganisms as opposed to the wastewater treatment plant sludge source previously
evaluated.

• Effluent from the GAC/FB bioreactor was analyzed for parameters used to regulate the quality
of drinking water. Additional work is needed to establish disinfection and filtration
requirements and demonstrate that the treatment processes will reliably produce potable water.
This objective will be fully addressed in a Phase 2 Perchlorate Treatability Study.

The study also determined and supported development of a number of operational parameters that
will be useful in designing a larger system such as the organic substrate addition rate, nutrient
addition rate, system monitoring parameters, residence time requirements, and a theoretical
operating model. Degradation of volatile organic compounds (VOCs) was evaluated and
determined to have minimal impact on the design of a Phase 2 system. This study has provided
sufficient data to allow a Phase 2 study to proceed.
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1.0 INTRODUCTION

1.1 BPOU Consensus Project Overview

For the past several years the Baldwin Park Operable Unit Steering Committee (BPOUSC), U.S.
EPA Region IX (EPA), and Three Valleys Municipal Water District (TVMWD), in association
with Metropolitan Water District of Southern California (MWD), have been planning a combined
groundwater remediation and water supply project in the San Gabriel Basin, California. Project
planning was initiated in response to a requirement of EPA to remediate various plumes of volatile
organic compounds (VOCs) in groundwater in the cities of Azusa and Baldwin Park. These
plumes extend from north of Interstate 210 in the city of Azusa southwest to the vicinity of
Interstate 10 in the city of Baldwin Park. This area is called the Baldwin Park Operable Unit
(BPOU) and the project the BPOU Consensus Project.

The BPOUSC was in the process of negotiating agreements for the project with the EPA, MWD,
and TVMWD when in June 1997, concentrations of perchlorate ion above the State of California
Department of Health Services (DHS) provisional action level of 18 micrograms per liter (|ig/L)
were found in BPOU groundwater. Before the project can move forward, the potential impact that
perchlorate has on the overall conceptual project design must be evaluated. Work in three specific
areas is underway to assess this potential impact so that the conceptual design of the BPOU
Consensus Project can be modified and project implementation can begin.

First, the BPOUSC is in the process of defining the distribution of perchlorate in BPOU
groundwater through installation and sampling of monitoring wells. With the perchlorate plume
defined the BPOU Consensus Project extraction plan will be modified to address both VOCs and
perchlorate.

Second, the DHS has published a provisional action level for perchlorate in drinking water of
18 ng/L. This concentration is not an enforceable standard but an "advisory" level at which DHS
recommends that water utilities notify their customers that perchlorate is present in their water
supply. The U.S. Air Force with EPA review is presently performing toxicity studies that will be
the basis for a revised Reference Dose (RfD), which will in turn be evaluated to develop an
enforceable water quality standard. In addition, the demands of water users may affect the
decision whether to treat for perchlorate. Once this numerical value is established and the demands
of water users have been evaluated, a determination regarding whether BPOU groundwater must
be treated for perchlorate can be made.

Third, at the time perchlorate was discovered in BPOU groundwater, no proven treatment
technology existed that could reduce low levels of perchlorate in water to a concentration below the
DHS provisional action level. The Phase 1 Treatability Study was implemented to address this
concern.

1.2 Purpose of Study

The purpose of this Phase 1 Treatability Study and the future Phase 2 Treatability Study is to
develop a biological treatment technology that can become part of the BPOU Consensus Project
should treatment for perchlorate be needed.
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Introduction

1.3 Biological Reduction of Perchlorate

At the time low concentrations of perchlorate were found in BPOU groundwater, considerable
work regarding perchlorate treatment had already been conducted by Aerojet-General Corporation
(Aerojet) in Rancho Cordova, California. This work consisted of technology screening, bench-
scale and pilot-scale studies of several technologies, and design of a full-scale (4,000 gallon per
minute [gpm]) system. The bench- and pilot-scale treatability testing of a biological reduction
technology successfully reduced perchlorate concentrations from approximately 8,000 ug/L to less
than the 400 ug/L laboratory reporting limit.

The technology can be described as a biological reduction process using a fixed-film bioreactor. A
fixed-film of biomass is attached to granular activated carbon operated as a fluidized bed
(GAC/FB). Groundwater, amended with an organic substrate (e.g., ethanol) and nutrients
(nitrogen and phosphorus) is introduced into the influent stream. As groundwater passes through
the system, the microorganisms derive energy from the oxidation of the organic substrate,
simultaneously destroying the perchlorate, reducing it to chloride and oxygen. The bench- and
pilot-scale testing demonstrated that the technology was effective in treating perchlorate in
groundwater. Design of the full-scale system is complete and construction underway.

There are, however, several important differences between the objectives of the previous pilot-scale
work and current objectives for the BPOU Consensus Project. First, the flow rate was 0.1 percent
of that needed in the San Gabriel Basin. Second, the influent perchlorate concentration was over
100 times that expected in the San Gabriel Basin. Third, the pilot system was not designed to
achieve, nor did it achieve effluent perchlorate concentrations less than the 18 ug/L provisional
action level. Finally, the previous testing was not designed to deliver potable water.

To address these issues, further pilot-scale treatability testing was necessary. The pilot-scale
testing was planned in two phases. In this first phase, the objective was to assess if the biological
reduction technology could achieve the target effluent goal with influent concentrations similar to
that found in BPOU groundwater. A work plan outlining the Phase 1 Treatability Study was
prepared, and a copy is included as Appendix A. The work plan was then implemented using a
pilot-scale unit operated at the Aerojet facility in Rancho Cordova, California. Deviations from the
original work plan are detailed in Appendix B. The results of the Phase 1 Treatability Study are
provided in this report.

In the second phase, scientific and engineering data needed to design and construct a full-scale
treatment system will be collected. This testing will be performed at a site in the BPOU. A work
plan outlining the scope of the Phase 2 Treatability Study will be submitted in September 1998.

1.4 Analytical Detection Limits for Perchlorate and Nitrate

The current perchlorate reporting limit is 4 ug/L. This is achievable using a method developed by
the DHS. To date, this method has not been peer reviewed. Since perchlorate is not a regulated
substance, DHS does not issue laboratory certification for method analysis. However, DHS will
issue informal approval to perform perchlorate analysis once a laboratory meets DHS
requirements.
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Introduction

The lowest obtainable reporting limit for nitrate analyses is 0.1 milligram per liter (mg/L) (as
nitrogen). Nitrate analytical results are reported "as nitrogen." In the text, however, the term
"nitrates" will be used to describe the nitrate-nitrogen results. Ammonia results are also reported
as ammonia-nitrogen in the analytical laboratory reports.

For the purposes of this report, complete or 100 percent destruction is defined as occurring when
the influent concentration of the compound (i.e., perchlorate, nitrate) has been reduced in the
effluent to a concentration that is not detectable. Therefore, if an influent perchlorate concentration
of 50 ug/L is reduced to nondetect (<4 ug/L) in the effluent, the destruction is considered to be 100
percent.

•
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2.0 TREATABILITY STUDY OBJECTIVES

The objectives of this Phase 1 Treatability Study were to evaluate the performance of the
biological reduction treatment technology previously tested at Aerojet's Sacramento facility with
modifications described in the following sections. During the course of treatability testing, issues
or questions not directly related to attainment of these objectives arose. These issues were
addressed to the extent possible. These issues and related results are discussed in Section 5.0.

2.1 Evaluate Lower Perchlorate Influent Concentration

Based on the perchlorate distribution, extraction well configuration and flow rate, and extraction
plan modifications for the BPOU Consensus Project, it was estimated that the BPOU extraction
system would produce groundwater containing concentrations of perchlorate between 50 and
100 ug/L. The previous pilot-scale testing used groundwater with influent perchlorate
concentrations ranging from 7,000 to 8,000 mg/L. One objective of this treatability study was to
treat water containing a perchlorate concentration representative of that anticipated in the San
Gabriel Basin and determine to what degree the perchlorate could be destroyed.

2.2 Evaluate Higher Nitrate Influent Concentration

Previous pilot-scale testing conducted at Aerojet treated groundwater characterized by low
(1.5 mg/L) nitrate concentrations. For the BPOU Consensus Project, influent nitrate
concentrations have been estimated between 5 and 6 mg/L (as nitrogen). A second objective of this
treatability study was to treat water containing a nitrate concentration representative of that
anticipated in the San Gabriel Basin and determine to what degree the nitrate could be destroyed.

2.3 Demonstrate Technology Can Achieve 18 ug/L Perchlorate Limit or
Lower

At the time the previous pilot-scale study was performed at Aerojet's Sacramento facility, the goal
was to produce effluent that contained perchlorate at a concentration lower than the 400 ug/L
laboratory reporting limit current at that time. With a new perchlorate reporting limit of 4 ug/L,
the third objective of this treatability study was to evaluate whether the technology could achieve
an effluent perchlorate concentration at or below than the DHS provisional action level of 18 ug/L.

2.4 Evaluate Different Source of Microorganisms

The source of microorganisms in the previous pilot-scale study was municipal wastewater
treatment plant sludge. DHS expressed concern about this source of microorganisms because the
effluent is to be part of a public water supply. Pilot-scale work performed at Aerojet's Sacramento
facility included testing of the pilot plant effluent for coliform, fecal coliform, and e.coli. This
testing indicated these pathogens were not present in the pilot plant effluent; however, the potential
presence of pathogens is a primary concern. The fourth objective of this treatability study was to
test the effectiveness of sludge from the food processing industry, which will likely lack the
pathogens that may be of concern.
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Treatability Study Objectives

2.5 Evaluate Potability of Treated Water

For the BPOU Consensus Project to be viable it must deliver potable water to water purveyors.
Therefore, the selected treatment train must produce water that meets all federal and state
requirements for a potable water supply. Embodied in the objectives described above is the need to
produce water that contains acceptable concentrations of perchlorate and nitrate and lacks
pathogens. In addition, this pilot-scale testing was designed to collect information on all other
applicable water quality parameters to ensure treatment plant effluent can achieve other potable
water quality goals.

Although this pilot-scale study included the analysis of bioreactor effluent for the range of water
quality parameters used to regulate potable water it was not an objective of this testing to produce
potable water. To produce potable water and to fully evaluate the effectiveness of filtration and
disinfection technologies these unit processes must be part of the treatment train. Testing of
filtration and disinfection technologies will be performed during a Phase 2 perchlorate treatability
study.
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3.0 TREATMENT SYSTEM EQUIPMENT DESCRIPTION

During the Phase 1 Treatability Study testing, three equipment configurations were used. The only
difference between the first two configurations was whether or not the air stripper was operational.
These two variations were tested to determine whether, for the BPOU Consensus Project, the
bioreactor would function most effectively with the air stripper placed before or after the
bioreactor. The third configuration placed the air stripper on the effluent portion of the bioreactor.

During the first portion of the study, the air stripper was operated on the influent side of the
bioreactor. During the second portion of the study, the air stripper was not operational. During
the third portion of the study, the air stripper was again operated on the influent side of the
bioreactor. During the fourth portion of the study, the air stripper was moved to the effluent side
of the bioreactor.

The configuration as used during the initial and third portions of the study is described below; for
the second portion the description remains the same except that the air stripper was shut down and
bypassed. For the fourth portion of the study, the overall system operation remains the same
except the air stripper is moved to the effluent side of the bioreactor. A system general
arrangement drawing is attached as Plate 1.

First, extracted groundwater was pumped directly to an air stripper for removal of VOCs. Air
stripper effluent was then pumped to a point where alcohol addition occurred. After alcohol
addition, the groundwater influent water was mixed with recirculation water from the bioreactor
(if any). The pilot plant is designed to constantly run at a flow rate of 30 gpm through the
bioreactor. System design allows the operators to vary the proportion of groundwater and
recirculated water entering the bioreactor. With no input from the well, the system runs with
100 percent recirculated water. Groundwater flow can be increased on a continuum until no
recirculated water passes through the reactor.

The stream of mixed groundwater influent and recirculation water was then pumped to the
bioreactor with nutrient feed addition occurring just before the bioreactor inlet. The granular
carbon used in the bioreactor was virgin, coal-based carbon in a 10 x 30 mesh. A biological
growth control system installed at the top of the bioreactor removed excess biomass from the GAC.
Biomass exited the bioreactor in the effluent and "cleaned" GAC particles were returned to the
carbon bed. The effluent then exited the bioreactor and flowed through a carbon separator system
that captured and returned any carbon that flowed out of the bioreactor. Once through the
separator, the effluent flowed to a 500-gallon polyethylene equalization tank equipped with level
controls. From the equalization tank, the effluent was discharged directly to an Aerojet
groundwater extraction and treatment (GET-B) system. Carbon and fines that escaped the carbon
separator system were discharged in the effluent to the GET-B facility.

Eight sample ports at key locations throughout the treatment system provided for the collection of
water quality samples and measurement of field parameters. These eight sample ports were located
as follows:

1. Air stripper inlet line (Port A)

2. Air stripper effluent line (Port B)

N:\AEROJETAPHASEI\FINALDRA.DOC Harding Lawsoii Associates



Treatment System Equipment Description

3. Air stripper effluent line, post-ethanol injection, pre-dilution (Port BS-C)

4. GAC/FB diluted bioreactor inlet influent line (Port C)

5. 25 percent of bioreactor height (Port D)

6. 50 percent of bioreactor height (Port E)

— 7. 75 percent of bioreactor height (Port F)

* 8. Effluent line from the bioreactor (Port G)

§ The bioreactor unit contained inline bioreactor influent and effluent dissolved oxygen (DO)
sensors, flowmeters, and effluent temperature and pH probes. All other parameters evaluated
during the study were measured using hand-held instruments.
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4.0 TREATMENT SYSTEM OPERATIONS AND SAMPLING

Pilot plant operations can be divided into two distinct timeframes corresponding to the different
equipment configurations described above. When the air stripper was operating on the influent
side of the bioreactor, a high concentration of DO was introduced into the bioreactor. In this
equipment configuration the air stripper raised the natural DO concentration in the groundwater
from 1 to 2 mg/L to 6 to 8 mg/L as a result of aeration. When the air stripper was not operational
or the air stripper was operated on the effluent side of the bioreactor, groundwater with lower DO,
representative of untreated groundwater, was introduced directly into the bioreactor.

A description of the overall operational plan is provided in the original work plan, which is
attached as Appendix A. Because of unforeseen conditions and as a result of interpretation of
treatability study data, certain deviations from procedures described in the work plan were made.
These deviations or modifications to operational procedures as described in the work plan are
discussed in Appendix B.

The first portion of pilot plant operations occurred from November 7, 1997, through January 23,
1998. The air stripper provided influent water with high DO concentrations to the bioreactor.
Test runs were conducted at recirculated water percentages of 100, 83, 67, 50, 33, 17, and 0
percent (5 gpm increments). Water quality samples were collected and analyzed using EPA-
approved methods for VOCs, ammonia (as nitrogen), alkalinity, chloride, phosphorus, biological
oxygen demand (BOD), chemical oxygen demand (COD), total suspended solids, total dissolved
solids, turbidity, perchlorate, chlorate, chlorite, chloride, nitrate (as nitrogen), nitrite (as nitrogen),
sulfate, sulfide, alcohols, metals, and bacteriology. Field parameters, water and ethanol flow rates,
pH, temperature, oxidation-reduction potential (ORP), DO, and ethanol flow rates were also
collected. A detailed chronology of operations is included as Appendix C. Tables containing
analytical laboratory results and results of the measurement of field parameters are included in
Appendices D and E, respectively. A table combining representative laboratory analytical and
field parameter data collected during both operational timeframes is attached as Table 2.

With high influent DO, complete destruction of perchlorate and nitrate was achieved but could not
be maintained with low recirculation rates. Complete destruction of perchlorate and nitrate was
observed at recirculated water percentages of 83, 67, 50, and 33 percent. As operating conditions
were changed, intermittent destruction of perchlorate and nitrate was observed. Initial conclusions
were that the DO loading was too high for the biomass to be able to consume the DO and destroy
all of the perchlorate and nitrate. To test this hypothesis and gather performance data for an
equipment configuration where air stripping would occur following biological treatment, the air
stripper was removed from the treatment system.

The second portion of operations took place from January 24 through March 13, 1998, after the air
stripper was shut down. Test runs were conducted at recirculated water percentages of 33 and 17
percent. Samples and field parameters as described above and contained in Appendix C were
collected. As above, sample analytical and field parameters results are summarized in Appendices
D and E. With the influent DO concentration representative of that found in groundwater,
complete destruction of perchlorate and nitrate was consistently achieved.
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Treatment System Operations and Sampling

The third portion of operations took place from March 14 to May 19, with the air stripper
operational. Test runs were conducted at recirculated water percentages of 67, 50, and 33 percent.
Samples and field parameters were collected as described above and detailed in Appendices C, D,
and E. As operating conditions changed, inconsistent destruction of perchlorate and nitrate was
observed at high recycle rates. During the later part of this period, only intermittent destruction of
perchlorate and nitrate was observed. To increase the efficacy of the bioreactor, the air stripper
was moved to effluent side of the bioreactor.

The fourth portion of operations took place from May 20 to June 23, with the air stripper
operational on the effluent side of the bioreactor. Test runs were conducted at recirculated water
percentages of 50 and 17 percent. Samples and field parameters were collected as described above
and detailed in Appendices C, D, and E. This phase of the study was specifically designed to
evaluate degradation of VOCs across the bioreactor. The carbon was loaded with TCE in an
attempt to eliminate the effect of carbon adsorption. The air stripper malfunctioned on May 22
and the bioreactor was shut down. The air stripper could not be repaired for two weeks. The unit
was restarted on June 8. Samples and field parameters were collected as described above and
detailed in Appendices C, D, and E starting June 9. Stable and consistent perchlorate and nitrate
degradation was observed. Degradation of VOCs across the bioreactor was not clearly evidenced.
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5.0 TECHNOLOGY PERFORMANCE ANALYSIS

Knowledge of biological reduction kinetics and fluidized-bed behavior are essential when analyzing
the technology performance.

5.1 Perchlorate Reduction Theory

Perchlorate consists of one chlorine atom (Cl) and four oxygen atoms (O). It is well documented
that aqueous perchlorate ion is remarkably stable at ordinary temperatures even in the presence of
many reducing agents, including such strong reductants as sodium amalgum, zinc, and iron(II) ion.
Thermodynamically, perchlorate ion is a powerful oxidant; however, the majority of common
inorganic reductants react with perchlorate ion at rates so slow as to be negligible under usual
aqueous conditions. The sluggishness of perchlorate ion reductions is attributed to low charge
density and substitution intertia.

Examples of reactions that have favorable thermodynamic energies but do not occur spontaneously
include:

0 AG°=-1066&7 E° =1.:

. ? AG°=-232&7 E" = 1.20V

Low aqueous perchlorate concentrations are reported in the literature as typically not being
significantly retarded by soil adsorption or reduced by naturally occurring microbial activity during
groundwater transport. As a result of these molecular properties, perchlorate is stable, persistent
and capable of being transported extended distances in groundwater.

Perchlorate reduction is expected to be similar to nitrate reduction. The energy-generating portion
of the denitrification reaction with ethanol as the organic substrate (neglecting cell synthesis) is:

5 • C2H5OH +12 • NO3~+12H+ -> 10 • C02 + 6 • JV2 + 21 • H2O

A similar reaction for perchlorate is:

2-C2H5OH + 4-ClO4~+% • H+ -» 4 • CO2 +4 • C/"+10- H20

Note that nitrate and perchlorate are completely destroyed, and the carbon substrate (ethanol) is
oxidized by bacteria. The end products for the process are biomass, carbon dioxide, water,
chloride, and nitrogen. During energy generation in the cell protons are used, thus pH tends to
increase during denitrification. We expect a similar pH increase for perchlorate reduction.

5.2 Fluidized-Bed Behavior

In a fluidized-bed bioreactor, flocculated organisms are suspended by drag forces exerted by the
rising liquid. By carefully balancing operating conditions and organism characteristics, the floes
are retained in the bioreactor while the medium flows through it continuously.
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To calculate residence time for a recycle bioreactor we use:

Where:

£ rr' = Effective residence time for a recycle bioreactor (minutes)
rr = Residence time for a plug flow bioreactor (minutes)

mm R = Recycle rate (volume recycled to bioreactor/groundwater entering the bioreactor)

and

I

I

•

•

Where:

Vr = Bioreactor volume (cubic feet)
FT = Total flow rate (cubic feet per minute [4 CFM])

For a fluidized bed:

Where:

Ht Total fluidized bed height (feet [10 feet])
Ho Carbon bed height (feet [5. 7 feet])
A, = Cross-sectional bioreactor area (square feet [2.2 feet])
e = Carbon void fraction (0.40)

•

•

^
•

For this study, residence time is thus:

™ V = 3.6 * ( 1 + R)

• A table of summarizing residence time for various recycle ratios is shown in Table 1.

5.3 Results

The results of the Phase 1 Treatability Study are presented in multiple appendices. These include:

•
• Deviations from Work Plan (Appendix B). As the treatability study progressed, deviations

from the approved "Revised Final Phase 1 Treatability Study Work Plan," dated November 7,
1997, were made. These changes to pilot plant operation and analytical testing are provided in
Appendix B.

Detailed Treatment System Operations Chronology (Appendix C). This appendix includes

I a detailed chronology of treatment system operations. The text describes the various periods of
testing, results of this testing, and operational changes made to achieve treatability study
objectives or mitigate situations where bioreactor performance was initially less than required.

I
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• Laboratory Analytical Data Summary (Appendix D). This appendix contains all results of
laboratory analyses. Analytical results include those for routine operating parameters
(alcohols, phosphorus, COD), parameters that are direct measurements of system performance
(perchlorate, chlorate, nitrate, nitrite), and parameters of interest for effluent quality (coliform,
bacteria, turbidity, metals, VOCs). Results are organized by date and sample port.

• Field Data, DO Profile Summary (Appendix E). This appendix contains the data collected
or measured in the field during treatment system operation. Data include flow rate, pH,
temperature, oxidation reduction potential (ORP), and dissolved oxygen (DO).

5.3.1 Analytical Error Analysis

Potential analytical errors were evaluated two ways to provide a range of expected error and a
"typical" error. First, the Matrix Spike (MS) and Matrix Spike Duplicate (MSD) were compared.
The Relative Percent Difference (RPD) of the MS/MSD then gives an estimate of error. The RPD
is then compared over a statistically valid number of samples to give an average error, range, and
standard deviation.

The second method of error analysis was to send split samples to two analytical laboratories. The
samples are then compared and the RPD gives an estimate of error. The RPD is then compared
over a number of samples to give an average error, range, and a standard deviation.

For perchlorate, a sample of 47 MS/MSD comparisons were made. The average RPD was 8.4
percent, and the range was 0 to 27 percent. Seven split samples were compared. The average
RPD was 16 percent, the range was 2 to 49 percent. If the 49 percent RPD sample is discounted,
the average RPD becomes 10 percent, and the range 2 to 23 percent. For perchlorate, a typical
error of 10 percent will be assumed based on these calculations.

For nitrate, a sample of 66 MS/MSD comparisons were made. The average RPD was 2.6 percent
and the range was 0 to 7 percent. The typical error for nitrate is assumed at 3 percent.

For ethanol, a sample of 62 MS/MSD comparisons were made. The average RPD was 9.3 percent
and the range was 0 to 38 percent. The typical error for ethanol is assumed at 9 percent.

Appendix F provides a summary of estimated error for perchlorate, nitrate, and ethanol analysis.

5.4 Data Evaluation and Discussion

The GAC/FB biochemical reduction system was successful in destroying perchlorate and nitrate in
the concentration ranges representative of those found in the BPOU under certain conditions.
Complete destruction of perchlorate was achieved when (1) anoxic conditions were achieved in the
first part of the bioreactor, (2) ethanol concentrations exceeded a critical minimum threshold, and
(3) adequate phosphate was available for use by the microbial population. A summary of
performance over various periods of time is included as Table 3.

Specific performance parameters are discussed below.
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5.4.1 Perchlorate Reduction

During periods of low influent DO (near 1 mg/L) where bioreactor operating parameters were
appropriate, perchlorate reduction was generally greater than 90 percent. Under operating
conditions conducive to perchlorate destruction, perchlorate was destroyed within approximately
7.5 feet along the bioreactor flow path. This corresponds to a bioreactor residence time of 3.2
minutes. This observation is depicted on Plate 2, which is a plot of perchlorate bioreactor profiles
taken during the time period from January 29 through February 20, 1998. Perchlorate destruction
was complete during this timeframe.

Under operating conditions that are not conducive to perchlorate destruction but result in partial
perchlorate destruction, the bioreactor profile looks quite different. Plate 3 shows the bioreactor
perchlorate profile for three dates in December 1997. During this period, perchlorate destruction
varied from approximately 23 to 45 percent.

Products of perchlorate breakdown, such as chlorate, chlorite, and hypochlorite, were difficult to
quantify. Chlorate and chlorite analyses of bioreactor profile samples were conducted. For
chlorate, measurable concentrations were present in most of the undiluted groundwater samples
and bioreactor influent samples. However, by the time the flow had reached 25 percent of the
bioreactor flow path, no measurable chlorate remained. During times of incomplete perchlorate
and nitrate performance, measurable concentrations of chlorate remained in the effluent. No EPA
method exists for hypochlorite analysis; therefore, no analyses were conducted. No detectable
concentrations of chlorite were present in any sample collected. The evaluation of the mechanism
and rate of perchlorate breakdown was limited by analytical detection limits. Detection limits for
both chlorate and chlorite were 20 ug/L. With an influent perchlorate concentration of 30 to 40
jjg/L this allows little room for measurement of probable degradation products.

Subsequent sections of this portion of the report explain the controls that affect bioreactor
performance.

5.4.2 Nitrate Reduction

Under conditions of low influent DO, average nitrate destruction was generally greater than 99
percent. Within the bioreactor, most of the nitrate was destroyed within a distance of
approximately 4 feet along the bioreactor flow path. This corresponds to a bioreactor residence
time of 1.7 minutes. This is demonstrated by a plot of nitrate bioreactor profiles taken during this
time period, which is attached as Plate 4. Plate 5 shows bioreactor profiles for several days when
the influent contained high DO and shows that nitrate destruction was incomplete (50 percent) four
feet along the bioreactor flow path and on some dates was still incomplete at 10 feet along the flow
path.

In general, nitrate destruction occurred more completely and rapidly than perchlorate destruction.
Although nitrate was present in a concentration approximately 300 times greater than that of
perchlorate, the data support the conclusion that the microorganisms present in the bioreactor
prefer nitrate over perchlorate as an electron acceptor. This agrees well with published literature
(HLAb).
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Effluent concentrations of the nitrate breakdown product nitrite were monitored during the study
and were used as an indicator of the overall "health" of the bed. If detectable concentrations of
nitrite were present in the bioreactor effluent, it was a sign that the biomass was not "healthy" since
nitrate was not being completely broken down to basic nitrogen and oxygen. During periods when
perchlorate and nitrate were being reduced at rates of greater than 99 percent, nitrite was not
detected above the 0.03 mg/L detection limit. During periods when reduction was incomplete,
nitrite was present.

5.4.3 Dissolved Oxygen

DO is a crucial parameter in evaluating bioreactor performance. It was generally found that at low
DO concentrations (0.5 to 1 mg/L), the system operated in a stable manner and achieved removal
of nitrate and perchlorate to their relative detection limits. At higher DO concentrations (4 to 8
mg/L) or low recycle rates complete reduction of perchlorate and nitrate was not achievable
regularly or reliably (higher DO concentrations result from use of the air stripper).

This phenomenon is best understood in the context of variations in the biomass population and
competing reactions. At low and high DO, different organisms likely competed for dominance. In
a high DO environment, the microorganisms utilized oxygen as their preferred electron acceptor.
In a low DO environment, microorganisms that utilize nitrate and perchlorate as their preferred
electron acceptors dominated. It is likely that there were microorganisms that were present in both
high and low DO conditions. This can be represented as competing electron acceptor reactions
(neglecting cell synthesis and electron balances):

+ 4-O2+4-e-+4-H+ — k-^>2-CO2+5-H2O [Oxygen]

5 • C2H5OH + 12 - NO3~ + 12 • H+ — ̂ -»10 • CO2 + 6 • N2 + 21 • H2O [Nitrate]

2-C2H5OH + 4-ClO4- +8-/T — ̂ ->4-C02 +10-#20 + 4-Cr [Perchlorate]

The field data suggest that the reaction rate for oxygen consumption was much fester than for
perchlorate or nitrate. Plates 6 and 7 show DO versus perchlorate and nitrate destruction. These
figures demonstrate excellent correlation between influent DO and perchlorate/nitrate removal
efficiency. In general, once influent DO drops from a range of 6 to 10 mg/L to less than 2 mg/L,
perchlorate destruction becomes complete. (Note: deterioration in perchlorate destruction
efficiency in March 1998 is due to the ethanol optimization study.)

A more detailed examination of the profile of DO across the bioreactor confirms the above
conclusion. Plate 8 presents the DO profile across the bioreactor on two days: one representative
of conditions with high influent DO, which resulted in partial perchlorate destruction, and one with
low influent DO, which resulted in complete perchlorate destruction. Under high DO conditions,.
perchlorate destruction was typically 25 percent. Under low DO conditions, perchlorate
destruction was typically complete.

With sufficient bioreactor residence time and high DO, DO was depleted and perchlorate and
nitrate destruction proceeds. Residence time was controlled by varying the rate of recycled water.
With the air stripper online and complete perchlorate destruction, a maximum well water flow rate
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of 15 gpm was possible (7.2 minutes of residence time). With the air stripper offline and complete
perchlorate destruction, a maximum well water flow rate of 25 gpm was possible (4.3 minutes of
residence time).

Based on the reaction rate kinetics, placing the air stripper after the bioreactor in the final design
may result in the lowest total project cost; however, placement of the air stripper will ultimately
depend on a variety of factors. If it is not feasible to place the air stripper after the bioreactor, an
oxygen scavenging agent, such as sodium bisulfite, can be added.

5.4.4 Oxidation-Reduction Potential

Biological reduction of perchlorate and nitrate occurs in a low DO environment with a reducing
ORP. Plate 9 is a plot of effluent ORP versus time. (Note, ORP was measured for bioreactor
influent and effluent from system startup in early November 1997, the ORP electrodes were
determined to be faulty and were replaced in December 1997. The electrodes were replaced again
in April 1998).

Plate 10 shows effluent ORP as it related to percent reduction of perchlorate and nitrate.
Comparison of ORP data for periods where the bioreactor was completely reducing perchlorate
and periods where only partial destruction of perchlorate was occurring suggests that the optimal
operating range for ORP in bioreactor effluent was -250 to -350 mV. Although monitoring of
ORP at various positions along the bioreactor flow path was not performed during the Phase 1
Treatability Study, such monitoring during the Phase 2 Treatability Study will likely prove to be as
valuable or more valuable than monitoring for DO.

5.4.5 Ethanol Requirements and Consumption

This study utilized ethanol as a substrate and evaluated optimal ethanol addition rates. The goal
was to provide sufficient influent concentrations such that most of the substrate is consumed in the
bioreactor with no excess discharged into the effluent.

Plate 11 is a plot of ethanol in the bioreactor influent versus effluent perchlorate for optimal
biological reduction efficiency. This graph demonstrates the ethanol working range was large.
Perchlorate destruction generally decreased at high ethanol concentrations; however, at high
ethanol concentrations, DO was also high. Thus, the data are not available to isolate ethanol
dosage as a single variable in perchlorate destruction. At a minimum, visual observation suggests
that high ethanol dosage inhibits fluidized bed performance by limiting mass transfer.

Ethanol consumption across the bioreactor was roughly 70 mg/L. Ethanol consumption under
conditions of both low and high influent DO is shown on Plates 13 and 14, respectively. Most of
the ethanol was utilized by the 50 percent point in both cases. It should be noted that although the
bioreactor was consuming ethanol at roughly the same rates in both figures, perchlorate reduction
varied due to other conditions (e.g., DO, ORP). A plot of ethanol influent and effluent versus
perchlorate effluent data is shown on Plate 14.

Optimal bioreactor performance economics and effluent economics and characteristics occurred at
the lower end of the working range shown on Plate 11. With influent ethanol concentrations of 40
to 75 mg/L, ethanol in the effluent was generally low (< 10 mg/L) or not detectable (February 25
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through March 1, 1998). Furthermore, with low DO and reducing conditions, concentrations of
methanol, an impurity in the denatured ethanol, were not detected at or above the laboratory
reporting level of 5 mg/L.

5.4.6 Bioreactor Response and Biomass Stability

The biomass was stable under stable operating conditions. Stability of the biomass will have an
impact on the design of a long-term system. Items such as system redundancy and storage capacity
are directly affected by biomass stability. There were no upsets of the biomass that were not
correlated with operational or input changes. While the timeframe of the study did not allow for a
long-term biomass stability study, there are three general sets of conditions which allowed
evaluation of the stability of the biomass and response of the bioreactor to operational changes.
These included planned shut downs, unplanned shut downs, and flow ramp up.

• Planned shut downs. In two instances after power outages the bioreactor experienced a
planned shut down in anticipation of repair to power lines damaged in a storm or to perform
routine maintenance. In both cases, bioreactor performance was re-established within
approximately 24 hours. In both instances the biomass was healthy, demonstrating complete
nitrate and perchlorate destruction. Recovery could have been more rapid than 24 hours but
more frequent samples were not collected.

On several other occasions planned shut downs of the system occurred. In May 1998, during a
period of time where operational problems were experienced, the system did not operate
consistently for two weeks. To maintain biomass health, the GAC/biomass was recirculated
one to two times daily. Both nutrients and organic substrate were added. Under such
conditions system recovery was rapid, but analyses at less than 24 hour increments were not
performed.

Planned shut downs would be the most common type during normal operation of a full-scale
system. Auxiliary power could either be used to keep the system running at capacity or at a
minimum provide regular recirculation should power outages occur. Should pumps or
pipelines fail the bioreactor would be automatically shifted into recirculation mode and the
health of the biomass preserved.

• Unplanned shut downs. Several times over the course of the Phase 1 Treatability Study the
bioreactor experienced unplanned shut downs. In one instance, due to weather, power to the
entire section of the Aerojet facility was lost for four days. Once power was re-established, the
bioreactor returned to completely destroying perchlorate and nitrate within two days (this
unplanned shut down occurred on a weekend). When power was completely out for four days,
no recirculation of the GAC/biomass was possible and no nutrients were added. Although the
system recovered completely within two days, samples were not collected at a high enough
frequency to monitor biomass recovery. The system could have recovered significantly faster
than two days. Unplanned shut downs could occur during full-scale operations due to power
outages, or failure of pumps or pipelines.
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• Changes in flow rate. When influent DO was low and the biomass was healthy, the
bioreactor responded relatively quickly to changes in flow rate. Typically within 24 hours
after an increase in flow rate or a startup of the system, complete perchlorate and nitrate
destruction was established. When influent DO levels were high and the biomass was healthy,
it generally took two days or longer to re-establish complete destruction at the next higher flow
rate. Several times when flow rate was increased, complete perchlorate and nitrate destruction
was not achieved. In general at least five days was allowed to determine if optimum
performance would be achieved. Often by this time, the health of the biomass had significantly
deteriorated either due to washout or because the biomass populations substantially decreased.
Visual observations confirmed this fact. To re-establish the biomass, the recycle flow rate
must be substantially increased and several days' time was required.

The objectives of the Phase 1 Treatability Study required that the effect of variations in flow
rate on destruction performance be tested. The resulting conclusion is that when increasing
flow, bioreactor response is rapid as long as the maximum design rate is not exceeded. Once
this rate is exceeded, and if the bioreactor is allowed to operate at this level for a prolonged
time, biomass wash out occurs, and bioreactor recovery is slow. Under normal operating
conditions this type of bioreactor upset would not occur except in rare circumstances where the
biomass is poisoned by a toxin, an unlikely event when using a groundwater supply.

5.4.7 VOC Degradation across the Bioreactor

When the decision was made to test the performance of the bioreactor without first removing
VOCs, a concern arose regarding whether unwanted byproducts such as vinyl chloride would be
formed in the bioreactor. The initial testing for VOC degradation products showed that while most
consituents, such as TCE, decreased across the bioreactor, no corresponding increase in daughter
products, such as vinyl chloride, were observed (a single detection of vinyl chloride was deemed an
anomaly). It was thus concluded that VOC removal was likely due to the adsorption by GAC and
that the slightly reducing, anoxic conditions present in the bioreactor are not sufficiently reducing
to cause VOC degradation.

To test this hypothesis, the GAC was saturated with VOCs, thus eliminating adsorption as a
removal mechanism. The capacity of the GAC to adsorb TCE was estimated and TCE solvent was
metered into the carbon bed with the system in full recirculation. TCE metering was discontinued
once bioreactor effluent exceeded 200 mg/L of TCE. The system was then transitioned to normal
operation at a 50 percent recirculation rate. Unfortunately, almost immediately the air stripper
malfunctioned and the system was shut down. The system remained shut down for two weeks.
The system almost certainly turned anaerobic during that period.

After the air stripper was repaired, the system was restarted. The system stabilized rapidly and
samples were gathered within 24 hours. Small, decreasing, amounts of vinyl chloride were
observed in the initial and subsequent sample; all other samples collected over the next 5 days did
not detect vinyl chloride. Variations in other compounds such as TCE were either consistent with
earlier results or were within expected error in spite of the TCE loading of the GAC. It was again
concluded that carbon adsorption was the likely mechanism for the decrease and that initially
observed daughter products were the result of anaerobic activity while the reactor was shut down.
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An important consideration is what affect will this have on a full scale system. The preliminary
conceptual design specified an air stripper for VOC removal. The chemical driving the air stripper
design is 1,2-DCA which was essentially unchanged across the bioreactor during stable operation.
Thus, VOC degradation should not affect the design of the air stripper regardless of where VOC
removal takes place in the treatment train.

Note that methanol, methyl isobutyl ketone, and isopropyl alcohol were detected as impurities in
the ethanol. Although acetone was not detected as an impurity in the ethanol the limit of detection
was 0.5 percent. Therefore, concentrations of acetone consistent with bioreactor influent
concentrations would not have been detected. Acetone increased across the bioreactor while MIBK
decreased. We hypothesize most of this increase is due to breakdown of MIBK. Alternative
mechanisms, such as the oxidation of the alcohols, could have a role in the acetone increase;
however, with the bioreactor in reducing conditions this is not a favored mechanism.

5.4.8 Visual Inspection of Biomass/Bioreactor

Visual inspection of the biomass and bioreactor correlated well with bioreactor performance or
lack of performance. Therefore, visual observation of the biomass and bioreactor can serve as a
valuable indicator and predictor of biomass effectiveness and stability. The biomass displayed
three distinct appearances under various conditions. This may be due to selective competition (i.e.
Voltera's Principle) or from metabolic changes by established microorganisms in response to
substrate and/or redox changes. While no laboratory differentiation of these populations was
conducted, the biomass was likely a continuum of organisms that perform different functions. The
following observations were made:

• Low Dissolved Oxygen. The biomass was a light translucent tan, formed a spherical
configuration around the carbon particles, and was well attached. The biomass/carbon spheres
resembled fish eggs with diameters ranging from 2 to 4 millimeters. Diameters appeared to be
two to three times the diameter of the carbon particle. Gas bubbles were observed rising to the
surface during nitrate reduction; however, it was not possible to correlate the degree of
bubbling to nitrate destruction efficiency.

• High Dissolved Oxygen. The biomass varied from a light translucent tan during perchlorate
destruction to an opaque white/gray when perchlorate was not being reduced. The biomass
was gelatinous, filamentous, and poorly attached to the carbon. Gas bubbles were observed
rising to the surface during nitrate reduction; however, it was not possible to correlate the
degree of bubbling to nitrate destruction efficiency.

• Excess Ethanol. If ethanol addition was too great, a white mucous substance began to
accumulate in the system piping and around the biomass. The high cell mass concentrations
caused carbon grains to clump together, slowing bed mixing and fluidization, causing
channeling, and resulting in a decreased bioreactor working volume. This nonuniformity
adversely affected perchlorate reduction. In addition, long, filamentous, string-like white/gray
biomass was also formed. When the ethanol addition rate was decreased to an appropriate
level, these biomass conditions ceased.
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5.4.9 Phosphorus Requirements and Consumption

Results from a wide variety of biological treatability studies, including those using both suspended-
growth and fixed-film technologies, confirm phosphorus is a key nutrient required for biomass
growth and stability. Phosphorus must be present at a minimum concentration regardless of
whether it is fully consumed or not.

Phosphorus consumption varied widely over the study as is shown on Plate 15. Overall
consumption varied from none to 0.5 mg/L. In general, as shown by the graph, more phosphorus
was consumed when perchlorate and nitrate destruction was most successful, as would be
expected.

When complete destruction of nitrate and perchlorate was realized, residual effluent phosphorus
concentrations ranged from 0.2 to 1.1 mg/L; however, effluent phosphorus concentrations were
often lower than 0.2 mg/L. Observations from the Phase 1 Treatability Study suggest the residual
phosphorus concentration in the bioreactor effluent should be greater than 0.2 mg/L to ensure that
enough phosphorus exists to support biomass activity. However, no detailed evaluation or
optimization of phosphorus loading was performed. Therefore, it may be possible to decrease
influent concentrations of phosphorus but still maintain biomass stability. This component of
perchlorate and nitrate treatability can be evaluated further during the Phase 2 Treatability Study.

5.4.10 pH As an Indicator of Performance

Biological reduction processes remove acidity (protons), and therefore alkalinity increases. This
was confirmed by field observations across the bioreactor. An increase in pH was expected. A
greater reduction "load" results in a greater pH increase across the bioreactor. The maximum pH
increase observed during high DO operations was 0.57 unit. The maximum pH increase during
low DO operations was 1.02 units. Thus, pH increase can be used as a general indicator of
bioreactor performance. Air stripping raises pH because carbon dioxide dissolved in groundwater
is usually stripped out or removed in the process. When the air stripper was on-line, the average
influent pH was approximately 8.1 units. With the air stripper removed or on the effluent side of
the bioreactor, the average influent pH decreased to approximately 7.3 units.

5.4.11 Bioreactor Temperature

Little to no sensitivity to temperature was observed during the study; however, operating conditions
were not consistent over the entire timeframe and no difference was expected to be observed.
Temperatures ranged from 13 to 23°C. Biological systems typically follow Arrenhius behavior
with respect to temperature sensitivity. For a 10°C temperature difference, we would expect to see
an observable increase in biological activity. Therefore, other variables masked our ability to
evaluate the effect of temperature on perchlorate destruction.

Little to no temperature difference was observed across the bioreactor. Because of the small
concentrations involved and the large specific heat capacity of water, no temperature change was
expected.
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An important design consideration is whether heating will be required to sustain biological activity
during cold months. The average temperature of the San Gabriel Valley is higher than the
Sacramento area during the cold months. Extracted groundwater temperatures were sufficient to
support biological growth in this study. Therefore, we anticipate no heating will be required in the
San Gabriel Valley.

5.5 Effluent Characteristics/Water Quality

One of the primary objectives of the Phase 1 Treatability Study was to evaluate effluent from the
GAC/FB bioreactor for parameters used to regulate the quality of drinking water. Additional work
is needed to establish disinfection and filtration requirements and demonstrate that the treatment
processes will reliably produce potable water. This objective will be fully addressed in a Phase 2
Perchlorate Treatability Study. The specific activities undertaken during the Phase 1 Treatability
Study and planned for the Phase 2 Treatability Study were identified as a result of discussions with
DHS, TVMWD, MWD, and local water purveyors.

One concern expressed by DHS was with regards to the characteristics of the source of
microorganisms used to inoculate the bioreactor. The microorganisms used in this study were
taken from a baby food processing plant and proved to be acceptable for building needed
populations of microorganisms. Over the life of the study, 97 percent of the results for analysis of
fecal coliform showed no fecal coliform was present. Only two measurable results of 1 Most
Probable Number (MPN)/100 mL were obtained. These results are extremely close to the method
detection limit of 0 MPN/100 mL. General coliform was present, however, to some degree in
nearly every effluent sample. From January 28 to March 1, 1998, coliform was present in the
bioreactor effluent 78 percent of the time at an amount greater than 200.5 MPN/100 mL (the upper
quantifiable limit of the method [no quantification was made of MPNs greater than 200]). These
levels of bacteria are common for surface waters, and conventional disinfection and filtration are
expected to bring the water to potable standards.

Since ethanol is added to the bioreactor as an organic substrate to support microorganism growth,
the presence of ethanol and its impurities in bioreactor effluent was addressed. The ethanol used in
the Phase 1 Treatability Study was denatured and contained low concentrations of methanol,
methyl isobutyl ketone (MIBK), and isopropyl alcohol (IPA). The goal was to ensure that the
influent ethanol concentration was sufficiently high to ensure perchlorate and nitrate destruction
but also to optimize influent ethanol so that the microorganisms consume all the ethanol by the time
water flows from the bioreactor. As discussed above, an ethanol optimization study was
performed in late February 1998. Analytical results shown in Appendix D demonstrate that with
an influent ethanol concentration of 40 to 70 mg/L, ethanol in bioreactor effluent was less than or
near the 5 mg/L laboratory reporting limit.

Groundwater selected for this treatability study contained concentrations of N-
nitrosodimethylamine (MDMA) ranging from about 70 to 80 ug/L. It should be noted that
analyses of bioreactor influent and effluent for NDMA was performed on five dates in February
1998 and results indicate that the bioreactor had no effect on NDMA concentrations.

On two occasions, analysis of bioreactor influent and effluent for the full range of Primary and
Secondary water quality parameters required by DHS was performed (see Table 4). These results
demonstrate that with disinfection and filtration, the water produced from the intended treatment
train will meet potable standards.

N:\AEROJET\PHASEI\FINALDRA.DOC Harding Lawson Associates 2O



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

6.0 CONCLUSIONS

The conclusions of this Phase 1 Treatability Study with respect to the study objectives are:

• Evaluate Lower Perchlorate Influent Concentration. The biological reduction process
successfully treated groundwater with perchlorate concentrations representative of that
anticipated in the San Gabriel Basin.

• Evaluate Higher Nitrate influent Concentration. The biological reduction process
successfully treated groundwater with nitrate concentrations representative of that anticipated
in San Gabriel Basin to less than the laboratory detection limit of 0.1 mg/L.

• Demonstrate Technology Can Achieve 18 u.g/L Perchlorate Limit or Lower. The
biological reduction process produced an effluent concentration of less than the laboratory
detection limit of 4 ug/L and less than the DHS provisional action level of 18 ug/L.

• Evaluate Different Source of Microorganisms. This treatability study demonstrated the
effectiveness of a different source of microorganisms. This study utilized sludge from the food
processing industry. Laboratory analysis indicated a general lack of fecal coliform in the
treatment system effluent; however, further evaluation of filtration and disinfection of the
effluent will be necessary to ensure that potable water quality standards are reliably met. It is
likely that a variety of sources of microorganisms contain microbes capable of reducing
perchlorate; the key concern will be locating a source that does not contain human pathogens.

• Potability of Treated Water. Effluent from the GAC/FB bioreactor was analyzed for
parameters used to regulate the quality of drinking water and other chemicals mentioned by
DHS to be of concern. Additional work is needed to establish disinfection and filtration
requirements and demonstrate that the treatment processes will reliably produce potable water.
This objective will be fully addressed in a Phase 2 Perchlorate Treatability Study.

Additional conclusions that can be drawn from the study are:

• The conceptual model of perchlorate reduction based on published literature agrees well with
the actual results. A sound conceptual model will assist with Phase 2 and full-scale design.
The mechanism of degradation and reaction kinetics were not investigated.

• Bioreactor retention time can be adjusted to achieve complete perchlorate reduction with
varying influent conditions. The recycle rate can be optimized to produce a maximum
treatment rate meeting effluent parameters of concern. An increased recycle rate provides a
greater average bioreactor residence time and allows the reduction reaction to proceed to
completion.

• ORP, DO, and pH subjectively indicate perchlorate reduction. This will minimize laboratory
costs in the future and aid in the development of automated controls and safety mechanisms.
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Conclusions

An optimal ethanol addition rate is approximately 40 to 70 mg/L. The optimal ethanol
addition rate is a concentration such that there is sufficient ethanol to sustain biomass that will
completely degrade perchlorate but there is little to no ethanol in the effluent.

A minimum biomass phosphorus requirement is 0.4 to 0.5 mg/L. The phosphorus requirement
is the minimum addition of phosphorus that sustains biomass growth. The biomass
phosphorus requirement is dependent on influent mineral concentrations and may change in the
San Gabriel Basin.

There was an apparent selectivity for nitrate over perchlorate; however, the concentration
ranges of nitrate and perchlorate were vastly different. Therefore, it is not clear whether the
selectivity was reaction-rate driven or concentration driven.

Little to no VOC reduction occurred across the bioreactor. Some VOC reduction products are
more toxic and more difficult to remove than their parent compound. If VOC reduction
occurred, the VOC removal system design could be significantly impacted. The lack of VOC
reduction products allows more flexibility in designing the treatment system.

The reaction proceeds well at nominal groundwater temperatures. Anticipated temperature
fluctuations in San Gabriel Basin groundwater are moderate and should be compensated for
through other bioreactor performance parameters.
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Table 1
Phase I Perchlorate Treatability Study

Flowrate vs Percent Flow and Effective Retention Time

Influent Well Water Recycle Water Percent Influent Percent Estimated Effective
Flowrate (gpm) Flowrate (gpm) Well Water Recirculated Water Retention Time (min)

0
5
10
15
20
25
30

30
25
20
15
10
5
0

0%
17%
33%
50%
67%
83%

100%

100%
83%
67%
50%
33%
17%
0%

...
21.6
10.8
7.2
5.4
4.3
3.6

Notes:
To calculate effective retention time several assumptions were made:
1) The time calculated is the retention time that the water is in contact with fluidized carbon.
2) With an average settled carbon bed height it was assumed that the carbon void space was 40%.
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Table 2
Phase 1 Perchlorate Treatability Study

Representative Laboratory Analytical/Field Parameter Summary

SAMPLING PORT
Undiluted GW (BS)

. Bioreactor Influent (C)
Bioreactor Effluent (G)

' Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)
. Undiluted.-GW (BS)
Bioreactor Influent (G)

• Bioreactor Effluent (G)
' Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)
Bioreactor Influent (C)
Bioreactor Effluent (G)
Bioreactor Influent (C)
Bioreactor Effluent (G)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Bioreactor Influent-Inline Meter (C)
Bioreactor Effluent-Inline Meter (G)

Inside Bioreactor Influent
Inside Bioreactor Effluent

DATE SAMPLED / MEASURED

PERCENT INFLUENT WELL WATER

PERCENT RECIRCULATED WATER

AIR STRIPPER OPERATIONAL?
. ' ANALYTE/PROPERTY

Alcohols, Ethanol. (mg/1)
Alcohols, Ethanol (mg/1)
Alcohols, Ethanol (mg/1)
Perchlorate (ug/1)
Perchlorate (ug/1)
Perchlorate (ug/1)
Total Phosphorus (mg/1)
Total Phosphorus (mg/1)
Total Phosphorus (mg/1)
Ammonia Nitrogen (mg/1)
Ammonia Nitrogen (mg/1)
Ammonia Nitrogen (mg/1)
Nitrate Nitrogen (mg/1)
Nitrate Nitrogen (mg/1)
Nitrate Nitrogen (mg/1)
Nitrite Nitrogen (mg/1)
Nitrite Nitrogen (mg/1)
Nitrite Nitrogen (mg/1)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/1)
Chemical Oxygen Demand (mg/1)
PH
pH
Temperature °C
Temperature °C
Oxidation-Reduction Potential (mV)
Oxidation-Reduction Potential (mV)
Dissolved Oxygen
Dissolved Oxygen
Dissolved Oxygen
Dissolved Oxygen

12/11/97

100%

0%

YES .

87
37

41
27

<0.05
<0.05

0.14
0.82

11
7.9

0.04
0.53

100
98

7.96
7.64
18.3
18.6
118.5
35.0
8.3
0.3

_

12/12/97

100%

0%

YES

84
50

39
34

0.46
0.37

<0.1
0.11 '

14
9.5

<0.03
0.33

120
98

7.67
7.87
17.5
16.3
153.3
180.5
8.1
2.0

_

|?
12/13/97

100%

0%

YES

48
<10

40
€0 "^

0.28
0.15

<0.1
<0.1

0.21
2

0.051
1.6

110
69

7.49
7.56
17.8
16.7

228.6
172.7

0.5
"

12/14/97

100%

0%

YES

50
<10

40
29

0.27
0.17

<0.1
<0.1

13
<0.1

<0.03
0.034

91
52

7.60
8.17
18.3
17.3
108.6
71.4
8.2
0.2

.

12/15/97

100%

0%

YES '

78
12

36
24

0.26
.0.15

<0.1
<0.1

13
0.64

<0.03
0.18

100
. 52
8.22
8.58
18.5
18.5
104.6
96.0
8.4
0.2

.

12/16/97

100%

0%

YES

82.0

42.0
25.0

0.25
0.13

0.20
<0.1

11.00
0.55

<0.03
0.17

52.0
7.91
8.36
18.6
18.7
90.8
42.5
8.0

' 0.2
-

12/17/97

100%

0%

YES

84.0
7.2

34.0
26.0

0.25
0.15

<0.1
<0.1

10.00
<0.1

0.12
<0.03

87.0
56.0
7.75
8.19
18.7
18.8
76.0
40.8
8.5
0.2

.

12/18/97

100%

0%

YES

65.0
<5

35.0
28.0

0.41
0.27

<0.1
<0.1

11.00
2.40

<0.03
0.26

110.0
74.0
7.28
7.72
17.2
17.7

-

8.3
0.3

_

12/19/97

100%

0%

YES

<5
30.0

34.0
30.0

0.47
0.27

<0.1
<0.1

8.90
. <0.1

<0.03
<0.03

<10
56.0
7.82
7.99
19.0
19.1
65.5
65.0
9.2
0.3

_

12/20/97

' 100%

0%

YES

110.0
73.0

34.0
30,0.

0.43
0.31

• <o.i
<0.1

10.00
3.90

<0.03
0.28

200.0
120.0

-

17.2
17.4
105.6
37.8
9.3
0.5

-

1/29/98

83%

17%

NO

110.0
- .98.0

53.0
36.0
<4
<4 .

0.11
0.62
0.43
<0.1
0.59
0.57

17.00
• 14.00

<0.1
<0.03
<0.03
<0.03
270.0
300.0
240.0
7.17
7.76 .
19.2
18.7

-208.8
-274.0

0.8
0.2

~

1/30/98

83%

17%

NO

83.0
71.0

. 30.0
25.0

!, 18.0
<4

0.09
; 0.84
1 0.60

0.78
! 0.55
22.00
14.00
!<0.1.
<0.03
<0.03
<0.03

200.0
170.0
7.13

J18.9

•-202.7
-281.0

0.9
0.2

! -

2/1/98

83%

17%

NO

100.0 '
20.0 .

20.0
<4.

0.75
0.53

0.66
0.54.

16.00
<0.1
<0.03
<0.03
<0.03

240.0
190.0

7.87

17.9
-226.0
-304.2

1.2
. 0.2 .

_

2/2/98

83%

17%

NO

99.0
95.0
18,0
57.0
29.0
<4

0.09
0.53
0.34

0.51
. 0.29

18.00
15.00

. <0.1 .
<0.03
<0.03
<0.03

280.0
160.0
7.35
7.80 .
19.1
18.0

-243.8
. -310.0

0.7
.0.3
0.50
0.08

2/3/98

83%

17%

NO

120.0
97.0
23.0
35.0
35.0

- <4 .
0.10
0.57
0.35

0.59
0.44 .

17.00
14.00
<0.1.
<0.03
<0.03
< 0.0.3

350.0
300.0
7.27
7.81
19.0
17.8

-253:9
-323.0

0.5
0.3.

0.50
0.08

2/4/98

83%

17%

NO

110.0
76.0
14.0
28.0
27.0

. <4
0.12
0.79

. 0.55
0.16
0.72
0.73
18.00
13.00
<0.1
<0.03
<0.03
<0.03
160.0
130.0
230.0
7.20
7.70.
19.0

19.2#.
-249.5
-318.0

0.8
0.3

_

2/6/98

83%

-.1796

NO

92.0
''40.0

<5
38.0
41.0
<4

0.10
0.52
0.34
<0.1
0.62
0.75

19.00
14^00
<0.1
<0.03
<0.03
<0.03
160.0
140.0
65.0
7.08
7.67

18.9#
19#

-241.0
-314,1

1.0
0.4

0.35
. 0.11

I
I
1
I
1
I
I
I
I
I

Notes:
ug/1 = rnicrogram per liter, mg/1 = milligram per liter
mV = millivolt
GW- = groundwater
Dissolved Oxygen measured inside the reactor was measured by lowering DO probe directly inside reactor.
# = temperature measured directly inside reactor with DO probe, all other temps measured at sample ports with hand-held meter.
pH and ORP measured at sample ports with hand-held meter.

I
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Table 3
Phase I Perchlorate Treatability Study

Performance Summary

Date

11/20/97-11/25/97
11/26/97

11/28/97-12/6/97
12/11/97-12/22/97
12/24/97-12/26/97
12/29/97-1/23/98

1/25/98 - 1/27/98
1/29/98-2/7/98
2/10/98-3/1/98
3/3/98-3/13/98*

3/16/98-3/24/98
3/25/98 - 4/3/98
4/4/98-4/10/98
4/11/98-4/24/98
4/25/98 - 4/30/98
5/6/98-5/18/98

6/10/98-6/17/98

Air Stripper
Operational?

Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes

System Flow
Influent Well

Water
33%
50%
67%
100%
83%
67%

67%
83%
83%
83%

34%
51%
66%
52%
34%
32%
67%

Recirculated
Water
67%
50%
33%
0%
17%
33%

33%
17%
17% -
17%

66%
49%
34%
48%
66%
68%
33%

Average
Perchlorate
Destruction

90%
100%
74%
30%
32%
34%

100%
100%
99% -
85% -* ^

93%
70%
82%
76%
78%
100%
100%

Average
Nitrate

Destruction
42%
100%
56%
75%
60%
79%

100%
100%
100%
99.7%

100%
99.5%
100%
100%
100%
100%
100%

Average
Ethanol

Consumption (mg/L)
9

42
34
44
30
21

14
59
75
64 -

11.3
17.4
41
28
23
1.3
44

Average
Phosphorus

Consumption (mg/L)
0.05
0.12
0.00
0.13
0.10
0.01

0.10
0.22
0.14
0.17

-0.02
0.20

0.18***
0.10***
0.11***
-0.06

No Data

Average
Effluent

ORP (mV)
—
—
—

+74
+28
-103

-228
-298
-280
-185

-240
-88

-179
-153
-209
20

-272

Average DO
Influent
(mg/L)

0.5
0.4
4.4
8.8
9"

5.6

0.7;
0.45
0.43
0.4

2.6
3.6::
3.1
1.4;

0.4 j
1.1
0.6

Efflluent
(mg/L)
0.10
0.10
1.10
0.50 .
0.50
0.30

0.10
0.09
0.14
0.09

0.06
0.10
0.09
0.07
0.06
0.26
0.11

Average
pH Increase

Across Bioreactor
0.06 '
0.16
0.04
0.25
0.11
0.23

0.56
0.58
0.44
0.86

0.12
0.23
0.41
0.29
0.12
0.06
0.38

Notes:
* = Decrease in perchlorate and nitrate destruction is due to ethanol reduction testing taking place over time period.
*** = Based on one data point.
system effluent.
ORP = Oxidation Reduction Potential
mV = millivolt
DO = Dissolved Oxygen
DO is measured at Port C (bioreactor influent and after internal cycle) and at Port G (bioreactor effluent).
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Table 4
Phase I Perchlorate Treatability Study

Title 22 Laboratory Analytical Summary

PRIMARY STANDARDS - Mandatory health-related standards established by the State of California
Department of Health Services

Parameter Units
Maximum
Contaminant
Level

Sampling Port Sampled
5/18/98

Sampled
6/15/98

MICROBIOLOGICAL
Fecal Coliform (MPN/100mi)
Fecal Coliform
Fecal Coliform
Coliform (MPN/100ml)
Coliform
Coliform
Bacteria (CFU/ml)
Bacteria
Bacteria

% Samples
Positive

% Samples
Positive

% Samples
Positive

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

Airstrip. Infl. (A)
Air Strip. Effl. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Effl. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Effl. (B)
Bioreactor Effluent (G)

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

ORGANIC CHEMICALS
Total Trihalomethanes (THM'S / TTHM)
Total Trihalomethanes
Total Trihalomethanes
Endrin EPA508
Endrin
Endrin
Lindane EPA 3580
Lindane
Lindane
Methoxychlor EPA 3580
Methoxychlor
Methoxychlor
Toxaphene EPA 508
Toxaphene
Toxaphene
2,4-D EPA 515.1/3510
2,4-D
2,4-D
2,4,5-TP (Silvex) EPA 515.1/3510
2,4,5-TP (Silvex)
2,4,5-TP (Silvex)
Atrazine EPA 3510
Atrazine
Atrazine
Bentazon EPA 515.1/3510
Bentazon
Bentazon
Benzene
Benzene
Benzene
Carbon tetrachloride EPA 502.2
Carbon tetrachloride
Carbon tetrachloride

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

0.10
0.10
0.10
2.00
2.00
2.00
0.20
0.20
0.20

40.00
40.00
40.00

3.00
3.00
3.00

70.00
70.00
70.00
50.00
50.00
50.00
3.00
3.00
3.00
1.80
1.80
1.80
1.00
1.00
1.00
0.50
0.50
0.50

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

<0.1

<0.10

<0.20

<10.0

<1.0

<10.0

<1.0

<1.0

<2.0

<0.1

2.3

<0.10
<0.10
O.10
<0.-10
<0.10
<0.10
<0.20
<0.20
<0.20
<10
<10
<10
<1.0
<1.0
<1.0
<10
<10
<10
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<2.0
<2.0
<2.0
<0.10
<0.10
<0.10
2.10
<0.10
0.38

I
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Table 4
Phase I Perchlorate Treatability Study

Title 22 Laboratory Analytical Summary

Parameter

1 ,2-Dibromo-3-chloropropane EPA 504
1 ,2-Dibromo-3-chloropropane
1 ,2-Dibromo-3-chloropropane
1 ,4-Dichlorobenzene
1 ,4-Dichlorobenzene
1 ,4-Dichlorobenzene
1,2-Dichloroethane EPA 502.2
1 ,2-Dichloroethane
1,2-Dichloroethane
1,1-Dichloroethylene
1 , 1 -Dichloroethylene
1,1-Dichloroethylene
Total 1,3-Dichloropropene
Total 1,3-Dichloropropene
Total 1,3-Dichloropropene
Ethylbenzene
Ethylbenzene
Ethylbenzene
Ethylene dibromide EPA 504
Ethylene dibromide
Ethylene dibromide
Molinate EPA 3510
Molinate
Molinate
Monochlorobenzene
Monochlorobenzene
Monochlorobenzene
Simazine EPA 3510
Simazine
Simazine
1 , 1 ,2,2-Tetrachloroethane
1 , 1 ,2,2-Tetrachloroethane
1 , 1 ,2,2-Tetrachloroethane
Tetrachloroethylene EPA 502.2
Tetrachloroethylene
Tetrachloroethylene
Thiobencarb EPA 3510
Thiobencarb
Thiobencarb
1,1,1 -Trichloroethane EPA 502.2
1,1,1 -Trichloroethane
1,1,1-Trichloroethane
1 , 1 ,2-Trichloroethane
1,1,2-Trichloroethane
1 , 1 ,2-Trichloroethane
Tetrachloroethylene EPA 502.2
Tetrachloroethylene
Tetrachloroethylene

Units

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Maximum
Contaminant
Level

0.20
0.20
0.20
5.00
5.00
5.00
0.50
0.50
0.50
6.00
6.00
6.00
0.50
0.50
0.50

700.00
700.00
700.00

0.05
0.05
0.05

20.00
20.00
20.00
70.00
70.00
70.00
4.00
4.00
4.00
1.00
1.00
1.00
5.00
5.00
5.00

70.00
70.00
70.00

200.00
200.00
200.00

5.00
5.00
5.00
5.00
5.00
5.00

Sampling Port

Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

Sampled
5/18/98
<0.010

<0.1

1.7

6.00

<0.1

<0.1

<0.020

<2.0

<0.1

<1.0

<0.1

0.18

<1.0

<0.1

<0.1

0.18

Sampled
6/15/98
<0.01
<0.01
<0.01
<0.10
<0.10
<0.10
1.60
0.18
1.40
6.70
<0.10
6.20
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.02
<0.02
<0.02
<2.0
<2.0
<2.0
<0.10
<0.10
<0.10
<1.0
<1.0
<1.0
<0.10
<0.10
<0.10
0.19
<0.10
<0.10
<1.0
<1.0
<1.0
<0.10
<0.10
0.11

<0.10
<0.10
<0.10
0.19

<0.10
<0.10
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Table 4
Phase I Perchlorate Treatability study

Title 22 Laboratory Analytical Summary

Parameter

Vinyl chloride ERA 502.2
Vinyl chloride
Vinyl chloride
Xylenes, total
Xylenes
Xylenes
cis-1,2-Dich!oroethylene EPA 502.2
cis-1 ,2-Dichloroethylene
cis-1 ,2-Dichloroethylene
Trans-1,2- Dichloroethylene
Trans-1,2- Dichloroethylene
Trans-1,2- Dichloroethylene
1,1-Dichloroethane EPA 502.2
1,1-Dichloroethane
1,1-Dichloroethane
1 ,2-Dichloropropane
1 ,2-Dichloropropane
1 ,2-Dichloropropane
Trichlorofluoromethane (Freon 11)
Trichlorofluoromethane
Trichlorofluoromethane
1,1,2-Trichloro-1,2,2-Trifluoroethane (Freon 113)
1,1,2-Trichloro-1,2,2-Trifluoroethane
1,1,2-Trichloro-1,2,2-Trifluoroethane
Carbofuran EPA 531.1
Carbofuran
Carbofuran
Glyphosate EPA 547
Glyphosate
Glyphosate
Chlordane EPA 3580
Chlordane
Chlordane
Heptachlor EPA 508
Heptachlor
Heptachlor
Heptachlor epoxide EPA 508
Heptachlor epoxide
Heptachlor epoxide
Di (2-ethylhexyl) phthalate EPA 3510
Di (2-ethylhexyl) phthalate
Di (2-ethylhexyl) phthalate

Units

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

Maximum
Contaminant
Level

0.50
0.50
0.50

1,750.00
1,750.00
1,750.00

6.00
6.00
6.00

10.00
10.00
10.00

5.00
5.00
5.00
5.00
5.00
5.00

15.00
15.00
15.00

1,200.00
1,200.00
1,200.00

1.80
1.80
1.80

700.00
700.00
700.00

0.10
0.10
0.10
0.01
0.01
0.01
0.01
0.01
0.01
4.00
4.00
4.00

Sampling Port

Air Strip. Irtfl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

Sampled
5/18/98
<0.1

<0.1

3.3

<0.10

1.6

<0.1

0.16

<;0.1

<5.0

<25.0

<0.10

<0.01

<0.01

<3.0

Sampled
6/15/98
<0.10
O.10
<0.10
<0.10
<0.10
<0.10
3.10

<0.10
6.80

<0.10
<0.10
<0.10
1.50

<0.10
1.40

<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10

<5
<5
<5

<25.0
<25.0
<25.0
<0.10
<0.10
<0.10
<0.01
<0.01
<0.01
<0.01
<0.01
<0.01

<3
<3
<3

I
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I Table 4
Phase I Perchlorate Treatability Study

Title 22 Laboratory Analytical Summary

Parameter Units
Maximum
Contaminant
Level

Sampling Port Sampled
5/18/98

Sampled
6/15/98

INORGANIC CHEMICALS
Aluminum (Al) EPA Series 200
Aluminum (Al)
Aluminum (Al)
Antimony (Sb) EPA Series 200
Antimony (Sb)
Antimony (Sb)
Arsenic (As) EPA Series 200
Arsenic (As)
Arsenic (As)
Asbestos (fibers)>10um
Asbestos
Asbestos
Barium (Ba) EPA Series 200
Barium (Ba)
Barium (Ba)
Beryllium (Be) EPA Series 200
Beryllium (Be)
Beryllium (Be)
Cadmium (Cd) EPA Series 200
Cadmium (Cd)
Cadmium (Cd)
Chromium (Cr) EPA Series 200
Chromium (Cr)
Chromium (Cr)
Cyanide (CN) Method 4500-CN F
Cyanide (CN)
Cyanide (CN)
Flouride (F)
Flouride (F)
Flouride (F)
Lead(Pb) EPA Series 200
Lead (Pb)
Lead (Pb)
Mercury (Hg) EPA Series 200
Mercury (Hg)
Mercury (Hg)
Nickel (Ni) EPA Series 200
Nickel (Ni)
Nickel (Ni)
Nitrate (as NO3)
Nitrate (as NO3)
Nitrate (as NO3)
Nitrite (as nitrogen)
Nitrite (as nitrogen)
Nitrite (as nitrogen)
Selenium (Se) EPA Series 200
Selenium (Se)
Selenium (Se)

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
MFL
MFL
MFL
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

1,000.00
1,000.00
1,000.00

6.00
6.00
6.00

50.00
50.00
50.00

7.00
7.00
7.00

1,000.00
1,000.00
1,000.00

4.00
4.00
4.00
5.00
5.00
5.00

50.00
50.00
50.00

200.00
200.00
200.00

1400-2400
1400-2400
1400-2400

50.00
50.00
50.00

2.00
2.00
2.00

100.00
100.00
100.00

45,000.00
45,000.00
45,000.00

1,000.00
1,000.00
1,000.00

50.00
50.00
50.00

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

<50.0

<6.0

<2.0

ND

<100.0

<1.0

<1.0

<10.0

<10.0

0.27

<5.0

<1.0

<10.0

57.0

<400

<5.0

<50
<50
<50
<6
<6
<6
2.3
2.5
<2.0
ND
ND
ND

<100
<100
<100
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<10
<10
<10
<10
<10
<10
0.25
0.27
0.22
<5
<5
<5
<1

<1.0
<1.0
<10
<10
<10
60.0
<2.0
<2.0
<400
<400
<400

<5
<5
<5
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Table 4
Phase I Perchlorate Treatability Study

Title 22 Laboratory Analytical Summary

Parameter

Thallium (Tl) ERA Series 200
Thallium (Tl)
Thallium (Tl)

Units

ug/L
ug/L
ug/L

Maximum
Contaminant
Level

2.00
2.00
2.00

Sampling Port

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

Sampled
5/18/98

<1.0

Sampled
6/15/98

<1
<1
<1

RADIOACTIVITY
Gross Alpha
Gross Alpha
Gross Alpha
Gross Beta
Gross Beta
Gross Beta
Tritium
Tritium
Tritium
Strontium-90
Strontium-90
Strontium-90
Radium 226
Radium 226
Radium 226
Radium 228
Radium 228
Radium 228
Uranium
Uranium
Uranium

pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L
pCi/L

15.00
15.00
15.00
50.00
50.00
50.00

20,000.00
20,000.00
20,000.00

8.00
8.00
8.00
5.00
5.00
5.00
5.00
5.00
5.00

20.00
20.00
20.00

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

<1

<4

<182

<0.302

-0.120 +/- 0.41

0.448 +/- 0.36

-0.323 +/- 0.30

-0.1 46 +/- 0.33

<2

<1
<1

<1.0
<4
<4
<4

<176
<183
<178

<0.256
<0.256
<0.232

-0.109 +/- 0.24

0.193 +/- 0.19

0.022 +/- 0.1 7

0.057 +/- 0.61

-0.070 +/- 0.61

-0.237 +/- 0.49

<2
<2
<2

SECONDARY STANDARDS - Aesthetic standards established by the State of California
Department of Health Services

Turbidity
Turbidity
Turbidity
Color
Color
Color
Odor-Threshold
Odor-Threshold
Odor-Threshold
Silver (Ag) ERA Series 200
Silver (Ag)
Silver (Ag)
Chloride
Chloride
Chloride
Copper (Cu) ERA Series 200
Copper (Cu)
Copper (Cu)

NTU
NTU
NTU
Units
Units
Units
TON Units
TON Units
TON Units
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L

5.00
5.00
5.00

15.00
15.00
15.00

3.00
3.00
3.00

100.00
100.00

500,000.00
500,000.00
500,000.00

1,000.00
1,000.00
1,000.00

Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

<1

0.00

0.00

<10.0

8.10

<50.0

<0.1
7.8
7.9
0.0
10.0
40.0
0.0
1.0

30.0
<10
<10
<10
8.2
8.5
8.6
<50
<50
<50

I
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Table 4
Phase 1 Perchlorate Treatability Study

Title 22 Laboratory Analytical Summary

Parameter

Foaming Agents (MBAS)
Foaming Agents
Foaming Agents
Iron (Fe) EPA Series 200
Iron (Fe)
Iron (Fe)
Manganese (Mn) EPA Series 200
Manganese (Mn) EPA Series 200
Manganese (Mn) EPA Series 200
Sulfate
Sulfate
Sulfate
Zinc(Zn) EPA Series 200
Zinc (Zn) EPA Series 200
Zinc(Zn) EPA Series 200
Total Dissolved Solids
Total Dissolved Solids
Total Dissolved Solids

Units

ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
mg/L
mg/L
mg/L

Maximum
Contaminant
Level

500.00
500.00
500.00
300.00
300.00
300.00
50.00
50.00
50.00

500,000.00
500,000.00
500,000.00

5,000.00
5,000.00
5,000.00

1,000.00
1,000.00
1,000.00

Sampling Port

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

Sampled
5/18/98
<0.50

<100.0

<10.0

15.0

<50.0

280.0

Sampled
6/15/98
<0.50
<0.50
<0.50
<100
<100
<100
<10
<10
<10
15.0
9.3
7.4
<50
<50
<50

250.0
230.0
250.0

ADDITIONAL CONSTITUENTS ANALYZED
PH
PH
PH
Hardness as CaCO3
Hardness as CaCOS
Hardness as CaCOS
Sodium (Na)
Sodium (Na)
Sodium (Na)
Calcium (Ca)
Calcium (Ca)
Calcium (Ca)
Potassium (K)
Potassium (K)
Potassium (K)
Magnesium (Mg)
Magnesium (Mg)
Magnesium (Mg)

Units
Units
Units
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

6.5-8.5
6.5-8.5
6.5-8.5
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard
No Standard

Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)
Airstrip. Infl. (A)
Air Strip. Eff. (B)
Bioreactor Effluent (G)

7.2

100.0

37.0

24.0

1.4

13.0

7.3
8.2
8.0

120.0
120.0
120.0
36.0
35.0
35.0
24.0
24.0
24.0
1.5
1.2
1.2

14.0
14.0
14.0

'Fecal Coliform, Coliform, and Bacteria were not tested on 5/18/98 and 6/15/98. Laboratory analyses for these parameters
were performed previously and are presented in Appendix D (Laboratory Analytical Data Summary).

CHEMICAL SYNONYMS
1,1- Dichloroethene = 1,1- Diohloroethylene
Tetrachloroethene = Tetrachloroethylene
Trichloroethene = Trichloroethylene
Cis-1,2- Dichloroethene = Cis-1,2- Dichloroethylene
Trans-1,2- Dichloroethene = Trans-1,2- Dichloroethylene
Bis(2-ethylhexyl)phthalate = Di(2-ethylhexyl)phthalate
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Harding Laws on Associates

November 7, 1997

37393 003

Mr. Wayne Praskins
United States Environmental Protection Agency
Project Manager
75 Hawthorne Street
San Francisco, California 94105-3901

Revised Final Phase I Treatability Study Work Plan, Perchlorate in Groundwater
Baldwin Park Operable Unit
San Gabriel Basin

Dear Mr. Praskins:

On behalf of the Baldwin Park Operable Unit Steering Committee (BPOUSC), Harding Lawson
Associates (HLA) is submitting the attached "Revised Final Phase 1 Treatability Study Work Plan,
Perchlorate in Groundwater, Baldwin Park Operable Unit, San Gabriel Basin". We have revised the
Final Phase 1 Treatability Work Plan dated October 6, 1997 to address EPA comments provided in
letters dated September 12, 1997 and October 16, 1997. We have also revised the Work Plan to reflect
changes to the treatment plant configuration that were made during the design and construction stage
of the project, and refined the description of startup, sampling, and analysis procedures.

The following are responses to your comments on the Work Plan. Each U.S. EPA comment is repeated
below with citation to the page/column/section (e.g. 3/2/2.3) to which you referred. This comment is
followed by the BPOUSC response.

Comment: Please identify the "higher than normal level of quality control precautions" that will be
3/2/2.3 taken.

Response: Since the date that the Draft Work Plan was first issued, additional commercial
laboratories have received approval for analysis of perchlorate in water. In addition the
BPOUSC, in sampling BPOU monitoring wells, sent split samples to multiple
laboratories. Results indicate precision in line with other analytical methods. Therefore
the language present in the Draft Work Plan has been removed. Details on laboratory
and field quality control procedures are now contained in the text of the Work Plan,
Table 7.5, and Table 7.6.

Comment: Please specify the perchlorato concentration or concentration range that is "representative
7/2/4.2 of that anticipated in San Gabriel Basin."

Response: Based on available water quality data, modeling performed to support extraction system
design, and assumptions regarding the location, construction, and production of future
extraction wells, the concentration of perchlorate in groundwater extracted by the BPOU
project, is expected to range between 50 and 100 ug/L. The well at Aerojet's Sacramento
facility which will provide treatment plant influent will contain approximately 50 ug/L
perchlorate. This is stated in the text.

Engineering and
Environmental Services 30 Corporate Park, Suite 400. Irvine, CA 92606 714/260-1800 Fax: 714 C6G-1830
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Comment: We understand that biological denitrification has been used directly on a drinking water
7/2/4.3 system in France in a 5 MOD system, and indirectly on a drinking water supply in El

Paso, Texas.

Response: The workplan text has been modified to include reference to this information.

Comment: Please specify the nitrate concentration or concentration range that is "similar to that
8/1/4.3 expected in San Gabriel Basin."

Response: Based on available water quality data, modeling performed to support extraction system
design, and assumptions regarding the location, construction, and production of future
extraction wells, the nitrate concentration in groundwater extracted by the BPOU project
is expected to range between 20 and 25 ug/L. The well selected to provide treatment
plant influent will contain between 50 and 70 mg/L nitrate. This is stated in the text.

Comment: Wo expect that phase 2 testing can begin earlier than April 1998. As explained in the EPA
8/1/4.5 letter dated 8/28/97, we expect that the Steering Committee will submit the following

documents within 75 calendar days of EPA approval of the workplan: a written phase 1
progress report for troatability testing of the biological process that includes a description
of and schedule for the remaining phase 1 testing and either: (I) a supplemental workplan
for phase 2 treatability studios; or (ii) a detailed explanation why additional phase 1
testing is necessary before preparation of a phase 2 workplan and planned submittal date
for the phase 2 workplan.

We agree with the narrative on page 8 (Section 4.5) and page 13 (Section 10.0), but
believe that tasks planned for completion after 11/27/97 can bo finished and submitted
earlier. Specifically, we believe that in the absence ofunforseen difficulties during pilot-
scale testing, "Phase 1 testing" can be completed before 12/27/97. We also believe that
"Draft Phase 1 Report" can be submitted well before 2/25/98. The proposed schedule
allows an unnecessarily lengthy 6 1/2 weeks after the end of testing for report preparation.

We assume that the last two dates provided in Section 10.0 are in 1998, not 1997.

Response: The BPOUSC will comply with the project reporting requirement presented in EPA's
letter dated August 28, 1997. The text of Section 10.0 has been modified accordingly.

Although U.S. EPA has communicated in writing (October 16, 1997) and orally (October
22,1997) the belief that Phase 1 testing can be completed before 12/27/97, and that a
draft Phase 1 report can be prepared before 2/25/97, the U.S. EPA and the BPOUSC
agreed in a meeting on October 22, 1997 that following receipt of the November 27, 1997
written progress report both parties would review progress made and revise the schedule
accordingly. The BPOUSC will certainly work diligently to accomplish tasks as rapidly
as possible, and look for ways to reduce the schedule for report preparation.
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The last two dates in Section 10.0 were incorrectly reported as 1997 and have been
revised to 1998.

Comment: One of the objectives listed for phase 2 is to evaluate the relative bacterial preference for
8/2/4.5 perchlorate and nitrate. The treatability study should examine other parameters relevant

to microbially-catalyzed oxidation-reduction reactions, including the presence and
depletion of competing electron acceptors. Measurement of these parameters may provide
information that can bo used to optimize removal rates, reduce operating costs, and
diagnose the cause of lower than expected perchlorate removal rates. These processes are
commonly examined during evaluations of biological degradation and natural
attenuation in groundwater (e.g., see Technical Protocol for Natural Attenuation of
Chlorinated Solvents in Groundwater, byT.H. Wiedemeier et. Al.).

Parameters commonly measured during studies of biological degradation and natural
attenuation include:

• iron II (Fe+2) - reaction product for competing rcdox reaction (iron reduction)
• sulfato and sulfido - competing electron acceptor and reaction product (sulfate

reduction)
• methane - reaction product for competing redox reaction (methanogenesis)
• oxidation-reduction potential - indicator of typo of redox reactions that may occur.

Consideration should also be given to measurement of additional chlorine compounds,
and preparation of a mass balance of all chlorine species, in order to determine whether
the perchlorate is fully reduced to chloride. Other possible chlorinated products include
chlorate, chlorito, and hypochlorite.

Text and Tables in revised workplan include measurement or analysis of sulfate, redox
potential, chlorate, chlorite, and hypochlorite. Sulfide is not mentioned in the text, but
included in Tables 7.1 and 7.3. Fe+2 and methane are not mentioned in the text or
Tables.

Response: The BPOUSC will examine the presence and effect of competing electron acceptors in
Phase 2 treatability testing. To the extent possible data to support this evaluation will be
collected and interpreted during Phase 1 treatability testing. Specifically redox potential
and dissolved oxygen will be measured in the field and on select samples
perchlorate/chlorate/chlorite/hypochlorite/chloride, sulfate/sulfide, and nitrate/nitrite
will be measured. These parameters will be measured during the initial start up period
and the performance monitoring period in accordance with Tables 7.1, 7.2, and 7.3.

Iron (II) and methane will not be measured during Phase 1 testing. Concentrations of
iron in groundwater in both Sacramento and San Gabriel Basin are expected to be low.
Analysis for iron (II) is most commonly performed using a colorimetric field technique
with a high reporting limit. Therefore iron (II) concentrations will likely be less than this
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reporting limit. Should metals analysis performed during the initial source water
analysis result in total iron concentrations that suggest iron (II) would be measurable,
analysis for iron (II) will be reconsidered.

Samples for the analysis of methane will not be collected because based on the slightly
reducing (anoxic) conditions observed during past pilot-scale testing measurable
concentrations of methane are not expected. In addition it will not be possible to
collect a meaningful and representative sample from the GAC/FB bioreactor which is not
a pressurized system and is open to the atmosphere.

Throughout the treatability study, analytical test results will be evaluated to determine
whether they are providing meaningful information. Tests that are providing meaningful
information will be continued; however, some analytical testing may be discontinued if
these tests are not providing meaningful data.

Comment: The photograph of the pilot unit shows an air compressor, oxygen generator, bubble
Figure 5-1 contactor, and dissolved oxygon control meter. Presumably, these will not be used during

the treatability study.

Response: The photograph of the pilot unit was provided by the vendor. This photograph includes
system components that may or may not be used in this pilot study. Specifically the
GAC/FB bioreactor will not contain an air compressor, oxygen generator, or bubble
contactor. In line meters, placed in the bioreactor influent and effluent lines will
measure dissolved oxygen, pH, redox potential, and temperature.

Comment:' The Process and Instrumentation Diagram also shows an Oxygen Generation System and
Figure 5-2 recycling line. Please correct the diagram or explain the need for this equipment. Also,

please add other system components described elsewhere in the workplan (e.g., air
stripper, filters, effluent pumps, recycle line, backwash line, backwash pumps, effluent
equalization tank, 20,000 gallon storage tank, sample ports).

Please provide a schematic showing the relationship between major system components.
Describe the purpose of any components not discussed in the text. If preferred, provide as
separate document.

Response: The Process and Instrumentation Diagram (P&ID) for the pilot unit is a general P&ID and
was provided by the vendor. This P&ID includes system components that may or may
not be used in this pilot study.

A schematic showing major system components is not provided in the Work Plan. This
request will be addressed by Aerojet in a separate letter.
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Comments: Should tests also be conducted in reverse order: through the biological unit first, followed
8/2/5.0 by air stripping? Isn't the biological process likely to remove some of the VOCs, offering

the potential to reduce air stripping and/or ojfgas control costs?

Response: Under our current schedule, we do not anticipate any time will be available to reverse
the order of unit operations. The current system configuration was selected because we
wished to focus solely on perchlorate and nitrate treatment and because of a concern
that flow of water containing VOCs through the bioreactor would remove some VOCs
but that others would be recalcitrant, and that vinyl chloride, a VOC that is not captured
effectively by vapor phase carbon, may formed. At the conclusion of our planned
testing, we will evaluate and prioritize what further testing is necessary. This has been
addressed in the Work Plan in Sections 5.0 and 10.0.

Comment: Will the methanol in denatured alcohol limit Iho end use of the water? Should methanol
9/2/5.0 bo analyzed for in the effluent?

Wafer temperature should be measured, given the potential temperature dependence of
reaction rate. If the water temperature in the reactor may be cooler than San Gabriel
basin groundwator (as implied by need for heat tracing on the filtration line), should water
temperature be adjusted?

The text describes the effluent being discharged into a 550 gallon equalization tank. Is
this tank for solids removal?

Figure 5-2 shows an equalization separation tank on the influent line. What is the
purpose of this tank?

"Alcohol" specified as carbon source/electron donor in revised workplan. Possible impact
of methanol not discussed.

Need for water temperature adjustment not discussed.

Purpose of equalization tanks (2) not discussed.

Response: Treated water will ultimately have to be acceptable for potable use. Based on past
treatability studies neither methanol or ethanol are expected in the effluent. This is in
fact a goal of the treatability study, to minimize alcohol addition so that perchlorate
reduction is maximized but residual substrate (alcohol) and nutrients are minimized. To
ensure this goal is achieved water quality analysis for ethanol and methanol will be
performed as described in Section 7.0. Analytical reporting limits for these chemicals
and all other chemicajs of concern, as shown in Table 7.4, are below available health
based standards for water intended for potable use.

As described in Section 7.1 water temperature will be measured during treatability
testing; however, no adjustment in water temperature is planned. We anticipate that
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extracted groundwater temperature will be fairly constant based upon previous test data.
Some precautions will be taken to ensure that cold weather does not affect system
operations. These precautions are described in Section 5.0. During previous treatability
testing of this technology, performed from April through December, water temperature
varied less than 2 degrees centrigrade. With respect to comparison between Sacramento
and San Gabriel Basin, groundwater temperature in Sacramento generally varies
between 18 to 22 degrees centigrade averaging approximately 20 degrees, while the
temperature of groundwater in San Gabriel Basin generally varies from 10 to 28 degrees
centigrade averaging approximately 22 degrees.

Based on changes made to system configuration during design and construction
activities the equalization tank on the influent line has been eliminated. There is a 70
gallon reservoir in the base of the air stripper that with appropriate sensors will serve to
assure a constant flow rate to the fluidized bed.

The 500 gallon effluent equalization tank will be used to assure a constant flow through
the pump which sends treated water back to the GET-B system. Contrary to previous
discussions, the GAC/FB bioreactor has an internal recycle system and the equalization
tank is therefore not needed for this purpose. The text of Section 5.0 has been revised to
reflect these changes and provide additional clarification.

Comment: Should the expected organic loading rate reflect the difference in perchlorate
10/2/6.1 concentration between Sacramento and Baldwin Park?

The workplan states that "targeted analytical parameters will be measured after each
change of operating conditions." How long is needed for stabilization - minutes or hours?
Perhaps a parameter vs. Time curve should be generated to determine the optimal time for
sample collection after a change in operational conditions.

Response: The extraction well selected as the source water will yield water with perchlorate and
nitrate concentrations similar to that expected in San Gabriel Basin (Sections 4.2 and
4.3). The organic substrate will be initially added to the influent at a rate that was
recommended as a result of previous treatability testing. This was a recommendation for
addition of alcohol to perchlorate at a molar ratio of 4:1. The expected perchlorate
concentrations will be significantly lower than encountered during previous testing and
nitrate concentrations are expected to be significantly higher than encountered during
previous testing. Therefore the initial alcohol loading rate will be set at a ratio of 4:1
based molar concentrations of perchlorate plus nitrate.

Reactor stability will be investigated as part of the treatability study. Although it is
expected that the reactor will respond relatively rapidly to changes in operating
conditions, approximately 24 hours will be allowed for stabilization after an influent
change. At this time samples will be collected and analyzed and data interpreted before
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additional operating parameters are changed. This approach is described in the
workplan in Sections 6.1 and 7.2. These data will allow plots of parameter vs. time.

Comment: The workplan states that DO concentrations in the influent and effluent of the GAC/FB
11/1/7.1 system will be monitored daily. We assume that these measurements will be made at

sample ports located on the influent and effluent lines immediately adjacent to the reactor
vessel. Please show the locations of the recycle line and sample ports on Figure 5-2.

Project-specific schematic not provided.

Response: The Process and Instrumentation Diagram (P&ID) for the pilot unit, as shown in Figure 5-
2, was provided by the vendor. This P&ID includes system components that may or may
not be used in this pilot study and does not detail sample port locations. During
bioreactor construction sampling valves that withdraw water from the influent and
effluent lines will be added and sampling devices that withdraw water from positions
that are approximately 25 %, 50 %, and 75 % through the reactor flow path will be
added.

A project specific schematic is not provided in the Work Plan. This request will be
addressed by Aerojet in a separate letter.

Comment: The source water for the treatability testing should be sampled for anions, metals, general
11/2/7.2 water chemistry, and other parameters that might affect system performance.

Why collect the effluent ethanol samples as composites rather than grab samples?

Analysis of source water not specifically addressed. Will "GAC/FB influent" be identical to
source water ?

Comments requesting explanation for collection of composite samples not addressed.

Response: The influent and effluent will be tested for a wide range of water quality parameters
including appropriate parameters from the California Code of Regulations (CCR), Title
22, common cations, common anions, and metals. At least one sample of influent
(source water) will be collected and analyzed during the initial system startup. In
addition weekly samples of influent and effluent will be collected and tested for the
duration of the performance monitoring period.

All samples will be gathered as grab samples. In the Draft Work Plan the only composite
samples to be collected were from the effluent equalization tank, with all other samples
collected as grabs. The rationale for collecting composite samples from this tank was to
obtain an integrated composition of this water prior to discharge to the ground surface.
Now that treated water is to be discharged directly to the GET-B treatment system these
composite samples will not be needed. The text of Section 7.2 has been revised
accordingly.
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Comment:
12/1/7.3

Response:

Comment:
12/2/10.0

Response:

Comment:
8/2/5.0

Response:

Comment:
9/2/5.0

Response:

Comment:
10/2/6.3

Environmental Protection Agency

The list ofanalytes should include parameters mentioned in the comment on page 8,
column 2, section 4.5.

See earlier comment.

Section 7.0 and associated tables have been modified in accordance with this comment.

The schedule should be modified as explained in the comment on page 8, column 1,
section 4.5.

See earlier comment.

The schedule as described in Section 10.0 has been modified in accordance with this
comment.

Plow likely is it that an additional treatment step will be needed to remove residual
alcohol ?

Past trea lability testing using this technology produced effluent that did not contain
detectable concentrations of alcohol. It is the objective of this testing to optimize reactor
performance such that effluent docs not contain measurable alcohol. The detection
limits for these and other parameters as shown on Table 7.3 are below health based
concentrations suitable for unrestricted consumption (potable).

Why is filtration no longer believed to be needed ?

Why does the workplan no longer specify a 20,000 gallon backup tank for discharge of
effluent, or a recycle line ?

Filtration is no longer needed as effluent from the treatment system will be discharged to
the GET-B treatment system. Testing and selection of a suitable filtration system will be
performed during Phase 2 troatabilily testing.

The 20,000 gallon tank is no longer needed. Effluent was to be retained in this tank and
tested prior to discharge to the ground surface. Now effluent will be pumped directly to
the GET-B treatment system, and therefore storage capacity is not needed.

The text states that approximately 5 % of all samples will be collected as splits. How will
these samples be chosen ? Will those analyses be in addition to the duplicates listed in
Table 7.2 ?

The text also stales that field blanks, equipment blanks, and trip blanks will bo submitted
daily or weekly. Is this correct?
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Response:

Comment:
12/1/8.0

Response:

Comment:
13/1/10.0

Response:

Comment:
Table 7.3

Response:

The duplicate samples previously shown on Table 7.2 are the split samples that will be
collected at a minimum frequency of 5 %. To clarify this issue field quality control
samples are now shown separately in Table 7.5.

The text has been revised to state that field quality control samples that will be collected
will include sample splits (duplicates), and trip blanks. Field blanks and equipment
blanks are not appropriate for this treatability test and have therefore been deleted.

Please describe the process for obtaining Regional Water Quality Control Board approval
for discharge of treated water.

Effluent from this treatability test will be pumped to the GET-B. Therefore additional
discharge approval specifically for this treatability test is unnecessary. Earlier drafts of
the Work Plan planned for discharge to the ground surface, but this protocol was
modified with the knowledge of the Regional Water Quality Control Board.

Did DHS or M\VD review the workplan, as described in the schedule ?

Both DHS and MWD were sent a copy of the Work Plan , but to date no comments have
been received.

The MDLfor perchlorate appears to be incorrectly reported as 28 ug/L.

Both the Method Detection Limit and the Reporting Limit for perchlorate were
incorrectly reported in Table 7.4. This table has been revised.

Should you have questions regarding this Work Plan or the treatability testing that is in progress, please
do not hesitate to call Don Vanderkar at (916) 355-4282, John Catts at (415) 899-8825, or Matt
McCullough at (714) 260-1800.

Sincerely,

HARDING LAWSON ASSOCIATES

John G.Catts, Ph.D.
Chief Technical Officer

N:\AEROJET\F1NALRES.DOC
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1.0 INTRODUCTION

For the past several years the Baldwin Park
Operable Unit Steering Committee (BPOUSC), the
U.S. EPA Region IX (U.S. EPA), Three Valleys
Municipal Water District (TVMWD), and the
Metropolitan Water District of Southern
California (MWD) have been planning a
combined groundwater remediation and water
supply project in the San Gabriel Basin,
California. Project planning was initiated in
response to a requirement of U.S. EPA to
remediate a plume of volatile organic compounds
(VOCs) in groundwater in the Cities of Azusa and
Baldwin Park. This plume is distributed from
locations north of Interstate 210 in the City of
Azusa southwest to locations in the vicinity of
Interstate 10 in the City of Baldwin Park. This
area is called the Baldwin Park Operable Unit
(BPOU).

The BPOUSC was in the process of negotiating
agreements for the project with the U.S. EPA,
MWD, and TVMWD when in June 1997
concentrations of perchlorate ion, above the State
of California Department of Health Services
(DHS) provisional action level of 18 ng/L, were
found in BPOU groundwater. Before the project
can move forward, the potential impact that
perchlorate has on the conceptual project design
must be evaluated. Perchlorate in BPOU
groundwater is particularly troublesome since
there is no treatment technology that has been
demonstrated to be effective in reducing
concentrations of perchlorate to the provisional
action level.

Treatability testing at a pilot-scale has been
successfully performed at the Aerojet General
Corporation (Aerojet) facility near Sacramento,
California. The technology can be described as a
biochemical reduction process using a fixed film
bioreactor. The fixed film is attached to granular
activated carbon operated as a fluidized bed
(GAC/FB). This pilot-scale test demonstrated that
the technology was effective in treating
perchlorate in groundwater.

There are however several important differences
between objectives of this previous pilot-scale
work and current objectives for the BPOU project.
First, the flow rate was 0.1% of that needed in
San Gabriel Basin. Second, the influent
perchlorate concentration was over 100 times that
expected in San Gabriel Basin. Third, the pilot

system was not designed to achieve nor did it
achieve effluent perchlorate concentrations less
than 18 jug/L provisional action level. Finally, the
previous testing was not designed to deliver
potable water.

The purpose of this Work Plan is to describe the
approach and methods that will be used in
performing pilot-scale treatability testing of the
GAC/FB biochemical reduction technology
specifically for application in San Gabriel Basin.
The pilot-scale testing will be performed in two
phases. In the first phase the objective is to
assess if the chosen technology can achieve the
target effluent goal. In the second phase,
scientific and engineering data needed to design
and construct a full-scale treatment system will
be collected.

Although this GAC/FB treatment technology has
shown the potential to treat perchlorate at
concentrations present in San Gabriel
groundwater, other treatment technologies may
also be applicable. The BPOUSC is in the process
of completing a technology screening to assess
the viability of other treatment technologies and
make recommendations regarding bench-scale
and pilot-scale testing if appropriate.

2.0 HISTORY OF PERCHLORATE
ISSUES

In February 1997 perchlorate was discovered in
five drinking water supply wells in Sacramento,
California. This discovery was a result of the
recent improvement in the method of perchlorate
analysis which has only allowed detection of
perchlorate in water at concentrations below the
level which EPA and DHS considers acceptable
for use by the public (18 /^g/L) since early 1997.
The detection of perchlorate in Sacramento water
supply wells led DHS to perform sampling and
analysis of groundwater for perchlorate in other
portions of the state including San Gabriel Basin.

2.1 Distribution of Perchlorate in
the BPOU

Perchlorate was first detected in San Gabriel
Basin groundwater in June 1997 by DHS. This
prompted the Main San Gabriel Basin
Watermaster (MSGBWM) and the BPOUSC to
perform additional groundwater sampling and
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analysis to better understand the distribution of
perchlorate in ground water.

To date, the BPOUSC has compiled perchlorate
data for over 50 monitoring wells, production
wells, and sampling points in the vicinity of the
BPOU. Perchlorate analysis for production wells
was performed on samples obtained by the DHS
and MSGBWM and provided by the San Gabriel
Basin Water Quality Authority (SGBWQA).
Groundwater samples from monitoring wells in
the BPOU were collected by Camp Dresser
McKee, Harding Lawson Associates, and
Geosyntec on behalf of the BPOUSC.

The lateral and vertical distribution of
perchlorate in groundwater has been previously
described (see "The Distribution and Treatability
of Perchlorate in Groundwater, Baldwin Park
Operable Unit, San Gabriel Basin" [HLA, 199 7a],
"Final Addendum to Sampling and Analysis Plan,
Pre-remedial Design Groundwater Monitoring
Program, Baldwin Park Operable Unit, San
Gabriel Basin" [HLA, 1997b]). In general, the area
which contains concentrations greater than the
DHS provisional action level of 18 /xg/L is 5 to
6 miles in length, oriented from northeast to
southwest, approximately 1 mile in width, and up
to 800 feet in depth. This approximate
perchlorate distribution is based on maximum
concentrations detected in any sample or at any
depth within a given well.

It should be noted that for the majority of these
wells, only a single sample has been collected. In
addition, there is uncertainty regarding the
concentrations above the 18 /j.g/L provisional
action level in both the northernmost and
southernmost portions of the plume. Therefore,
the known distribution may change as wells are
resampled or new wells constructed and sampled.

2.2 Toxlcity/Provisional Action
Level

A significant source of uncertainty associated
with the potential effect that concentrations of
perchlorate ion in groundwater may have on the
selection of a remedy for the BPOU is the limited
data available on the toxicity of low
concentrations of perchlorate to humans. Limited
animal studies have been performed and no
studies documenting human effects at low
concentrations are available. Therefore, the

provisional Reference Dose (RfD) and provisional
action level established by DHS have an
inherently high level of uncertainty. These may
be subject to significant change once appropriate
studies have been conducted.

The primary human health concern related to
perchlorate is that it interferes with the thyroid
gland's ability to utilize iodine to produce thyroid
hormones. While high doses of perchlorate
(mg/kg per day levels) have been used
therapeutically in medicine, no studies have
examined the health effects at the lower dosages
potentially received from the ingestion of
groundwater at concentrations present in the San
Gabriel Basin groundwater. Examples of
therapeutic perchlorate use are as a medicine to
treat Grave's disease, a condition in which
excessive amounts of thyroid hormone are
produced, and in Europe to counteract the side
effects of the heart drug amiodarone.

In December of 1992, the U.S. EPA National
Center for Environmental Assessment (NCEA)
responded to a request by U.S. EPA Region IX to
evaluate the toxicity of perchlorate in soil and
groundwater. Based on limited data on the
toxicity of this ion, NCEA recommended a
provisional RfD for soil and groundwater that
included a conservative safety factor and
correlated with acceptable levels of 70 mg/L and
3.5 /ig/L, for these media, respectively. NCEA
later stated in a letter dated February 25, 1997,
that these provisional RfDs were merely opinions
provided to EPA regional officials and were not to
be considered formal EPA policy.

In April of 1993, the Perchlorate Study Group
(PSG) was formed by the U.S. Air Force, various
aerospace companies, and the two primary
manufacturers of perchlorate compounds. The
mission of the PSG was to review and evaluate
information on the toxicity of perchlorate and
develop better information on what constitutes an
acceptable level of perchlorate in soil and
groundwater.

In June 1995, the PSG submitted a position paper
to the U.S. EPA presenting the groups' findings.
The U.S. EPA again reviewed available
toxicological data on percbiorate and concluded
that although information was available on the
effects of high concentrations of perchlorate on
the thyroid, there was not enough information on
the effects of long-term exposure to low
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concentrations. In October 1995, the U.S. EPA
responded to the PSG paper by recommending a
provisional reference dose correlating to an
acceptable level in groundwater that ranged
between 3.5 and 17.5 /u.g/L. Because there was
limited information available, the U.S. EPA
recommendation includes a large margin of
safety. In fact a 300-fold margin of safety above
the level at which no health effects were observed
was used to establish the 17.5 /xg/L provisional
standard. This value became the 18 yu,g/L value
currently used as the DHS provisional action
level.

In March 1997, the PSG assembled a technical
Peer Review Panel of nationally recognized
scientists to evaluate the health effect of
perchlorate in drinking water. The conclusion of
this panel was that there are insufficient
toxicological data available to establish a
technically defensible RfD or support the U.S.
EPA provisional RfD.

In May 1997, the Air Force and the PSG brought
the Peer Review Panel back together with
California state and federal regulators in
Cincinnati, Ohio. The purpose was to have the
panel develop a protocol and the scope of studies
that would lead to a recommendation to U.S. EPA
for a new RfD which could serve as the basis for a
groundwater MCL. The Air Force and the PSG
have undertaken to commence the necessary
studies in August 1997, interpret the data, peer-
review the results, and submit recommendations
to U.S. EPA by July 1998.

It should be noted that to date the U.S. EPA has
not endorsed the Peer Review Panel but did have
representatives participate on the panel. Further,
U.S. EPA has not endorsed the evaluation process
or committed to a schedule for review of the
resultant recommendations or its effect on the
U.S. EPA's former provisional RfD. As a result it
is uncertain how long it will take for the
provisional RfD to be revised and an MCL
established.

In February 1997 the DHS set a provisional action
level for perchlorate in groundwater at 4 ̂ g/L, but
at that time laboratory methods were not
designed or approved to measure concentrations
this low. In May of 1997 DHS, based on the
results of U.S. EPA's recommendations, revised
its provisional action level from 4 /zg/L to 18 yu.g/L.
DHS stated that it had reevaluated scientific
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studies in greater detail and had determined that
18 (jigfL is consistent with the range of perchlorate
exposures the U.S. EPA considers protective of
human health. DHS requires that water suppliers
promptly notify customers whenever perchlorate
is present in concentrations greater than 18 /J.g/L.

2.3 Analytical Methodology and
Detection Limits

At the time that the U.S. EPA set its provisional
RfD and the DHS set its provisional action level
for perchlorate in groundwater, no EPA
laboratory method existed and few laboratories
were set up to analyze for perchlorate. Some
laboratories were using a modification of EPA
Method 300 (Ion Chromatography), while others
were using an Ion Selective Electrode (ISE).
Reporting limits for analysis of perchlorate in
water were generally in the range of 400 to
1,000/ig/L.

It was not until April 1997, that the DHS
(Sanitation and Radiation Laboratories Branch)
attained the current reporting limit of 4 /ig/L after
having performed its own method development.
To date, this method has not be peer reviewed.
Because perchlorate is not a regulated substance
DHS does not issue laboratory certification for
method analysis. DHS will however issue
informal approval to perform perchlorate analysis
once a laboratory meets DHS requirements.

To receive DHS approval the laboratory must
hold a current certification for EPA Method 300,
develop a Standard Operating Procedure (SOP),
determine its Method Detection Limit (MDL), and
prepare a data package demonstrating its ability
to perform the analysis. The laboratory must
then contact the DHS who will send out a field
auditor. The laboratory must perform analysis on
the samples with acceptable results (±10%) in
the presence of the auditor. To date, at least six
laboratories in California have received approval.

3.0 PREVIOUS PERCHLORATE
TREATABILITY REVIEW

In response to the presence of perchlorate in
groundwater at Aerojet's Sacramento facility, a
considerable amount of work has been performed
to address perchlorate treatability. This work,
consisting of technology screening, bench-scale
studies, pilot-scale studies, and the design of a
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full-scale (1,500 gpm) system, was performed by
Aerojet and a consultant starting in 1994.

3.1 Literature Review

In 1994, Aerojet completed an initial screening of
technologies available for treatment of
perchlorate. An on-line data search was first
performed. The following databases were
searched:

• Energy SciTech (1974-1994)

• Ei Compendex Plus (TM) (1970-1994)

• National Technical Information Service
(1964-1994)

• Aerospace Database (1962-1994)

• Chemical Engineering Abstracts (1970-1994)

• Biotechnology Abstracts (1970-1994)

• PTS Aerospace/Defense Markets (1986-1994)

• Pollution Abstracts (1970-1994)

• Analytical Abstracts (1980-1994)

Only limited information on the treatment of
water for perchlorate was found, and the
available data addressed the treatment of high
concentration wastewaters, not low
concentrations in groundwater. The technologies
for which information was found include both
biological and physical/chemical treatment
methods.

Biological Methods

Biochemical reduction of oxygen-containing
compounds, like perchlorate, with the simulta-
neous biochemical oxidation of organic matter
contained in sludge from municipal wastewater
treatment plants was the subject of three patents
with dates from 1973 to 1994. The patents varied
in bioreactor configuration and the source and
type of the microorganisms used. Concentrations
in wastewater in excess of 7,000 mg/L were the
subject of treatment.

A 1973 patent (Yakevlev et al, 1973) describes
biochemical oxidation of activated sludge in an
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unaerated tank. A 1976 patent (Korenkov et al.,
1976) is a modification of this approach but a
specific microorganism is identified. The source
of the microorganism is settled municipal sewage.
A 1994 patent (Attaway et al., 1994) held by the
U.S. Air Force uses an anaerobic bioreactor and a
specific microorganism. Brewer's yeast,
cottonseed protein, and whey powder were all
added to the bioreactor.

Physfcaf/Chemfcaf Methods

The physical/chemical processes which were
reviewed by Aerojet in 1994 included ion
exchange, reverse osmosis, an electrochemical
process which reduces inorganic oxyhalides, and
a process where perchlorate wastewater was
treated with an oxidant in supercritical (high
temperature, high pressure) water.

The electrochemical method, patented in 1992
(Kaczur et al., 1992), uses an anode and cathode
separated by a cation exchange membrane. A
1993 paper (Harradine et al., 1993) describes
treatment of perchlorate in wastewater with an
oxidant (O2, air, H2O2) under conditions of high
pressure (200 atm) and temperature (370°C).

In addition to these two techniques, Aerojet's
staff reviewed the applicability of ion exchange
and reverse osmosis treatment technologies.
Although both ion exchange and reverse osmosis
are considered technically proven methods for
reducing concentrations of dissolved solids in
waters, there are significant technical challenges
presented by both methods for treatment of water
containing perchlorate.

With respect to ion exchange, common ground-
water ions will interfere with perchlorate
adsorption. The ion exchange resin is
regenerated with brine (usually sodium chloride).
Perchlorate concentrations in regeneration brine
present a unique disposal or treatment problem.

There are significant operational difficulties
associated with the use of reverse osmosis. Like
ion exchange, perchlorate is not treated but
merely conveyed to a waste concentrate that
would be a waste disposal challenge. The
resultant brine would contain perchlorate and
would be significant in volume. In addition,
pretreatment of influent, use of anti-fouling
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chemicals, and membrane cleaning are time-
consuming and costly.

Based on the literature review described above,
Aerojet decided to pursue laboratory-scale testing
of chemical reduction and biochemical methods.

The BPOUSC is in the process of completing an
updated technology screening, building upon past
work performed by Aerojet. This effort will
include a literature review, a review of recent
patents and technical articles, and a review of
additional technical performance data which may
have been generated by various parties interested
in perchlorate treatability but not present in the
literature.

3.2 Bench-Scale Laboratory
Testing

Bench-scale treatability studies for several
biochemical and chemical reduction treatment
methods were performed by an Aerojet
consultant in 1995. The tested water came from
Aerojet's Sacramento facility and contained
between 7,000 and 8,000 /ig/L perchlorate.

Relatively high dosages of several reducing agents
(sodium sulfite, sodium bisulfite, and sodium
thiosulfate) up to 1,000 mg/L were added under
ambient conditions to water containing
7,000 /ig/L perchlorate. As perchlorate
concentrations did not significantly decrease over
time, these reducing agents were concluded to be
ineffective, and the process was not taken to
pilot-scale.

In addition to chemical reduction, Aerojet staff
evaluated the use of ion exchange technology in
more detail. Time was devoted to resin selection,
resin regeneration, and treatment of regeneration
wastes. Efforts were also made to develop a
method for biodegradation of perchlorate in these
wastes.

Two biochemical reduction methods were tested
on a bench-scale: a fixed film bioreactor using
submerged plastic media, and a fluidized bed
bioreactor using a granular activated carbon
media (GAC/FB). For both processes the water to
be treated was amended with an organic carbon
source (acetate or alcohol) and nutrients (nitrogen
and phosphorus) before entering the bioreactor.

Both biochemical reduction methods were shown
to be effective in reducing perchlorate concentra-
tions. The GAC/FB system was more resilient,
recovering more quickly from system upsets such
as feed water variations. The GAC/FB system also
accommodated a higher (6-fold) perchlorate
loading rate of 0.70 grams perchlorate/liter/day in
comparison to the submerged plastic media
loading rate of 0.11 grams perchlorate/liter/day.
Effluents for both processes were below the
400 jtig/L reporting limit for perchlorate.

Because of the success with the biochemical
treatment methods, and due to the comparatively
better performance of the GAC/FB method, this
method was taken to pilot-scale.

3.3 Pilot-Scale Testing

In 1996, a 30 gpm skid-mounted pilot system,
was set up at the Aerojet facility in Sacramento.
The pilot-scale system operated between April
and December of 1996. Operation of this pilot-
scale system allowed optimization of feed rates
for the organic carbon source (alcohol) and
nutrients (nitrogen in the form of urea and
phosphorus in the form of ammonium
phosphate). Alcohol was added in molar ratio to
perchlorate of approximately 4:1. Nitrogen and
phosphorus levels were augmented to be similar
to those described in the literature to assure
microbial growth.

Effluent concentrations were consistently less
than the 400 /xg/L laboratory reporting limit for
perchlorate. Effluent concentrations were
500 fjig/L for phosphorus, 340 //.g/L for ammonia-
nitrogen, and less than 50 /xg/L for nitrate-
nitrogen.

The initial pilot-scale effluent contained very low
or non-detectable levels of bacteria. After one
month of operation, bacteria were at non-
detectable levels.

3.4 Full-Scale Design
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Aerojet is in the process of designing a full-scale
perchlorate treatment system for one of the
groundwater extraction and treatment systems at
their Sacramento facility. The design and
construction are currently scheduled to be
complete in the fall of 1998. The hydraulic
loading rate for the system is 1,500 gpm. The
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full-scale system will be similar to that pilot-
tested in 1996.

Aerojet is working with the design contractor to
optimize certain design features which will result
in lower effluent concentrations. The pilot-scale
study was completed prior to the recent reduction
in laboratory reporting limits by agency and
commercial laboratories and, therefore, Aerojet
and its contractor are hoping to modify either the
design or operating parameters to produce
effluent below the 18 /ig/L provisional action
level.

In addition, Aerojet and its contractor have
located an alternative source of microorganisms.
Waste sludge from the food processing industry
was determined to contain acceptable
microorganisms.

3.5 Biological Treatment
Technology Overview

Biological treatment, or biochemical reduction of
perchlorate, involves a microbially induced
reaction in which perchlorate is biochemically
reduced to form chloride, oxygen, and biomass,
simultaneous with the biochemical oxidation of
an organic substrate. The substrate is typically
selected based on its readily biodegradable
chemical structure, non-hazardous nature from
an environmental standpoint, relatively low cost,
and availability.

Biological treatment technologies generally fall
into two classes: suspended-growth and attached-
growth (fixed-film). Attached-growth systems are
expected to be better suited to the relatively low
influent perchlorate concentrations and are
therefore the focus of BPOUSC efforts. Attached-
growth systems can typically attain higher
concentrations of microorganisms per unit reactor
volume, and because the microorganisms are
attached to media within the biological reactor,
there is no requirement for return of
microorganisms to the treatment reactor.

The GAC/FB technology is an attached growth
(fixed film) process which utilizes granular
activated carbon as a support medium for
biological attachment and growth in a fluidized
bed reactor. The GAC/FB technology offers the
additional advantage of greater surface area on
which microorganisms can attach and grow, as
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well as the presence of activated carbon, which
provides some buffer capacity to varying
operating conditions. Groundwater, amended
with an organic substrate (e.g., alcohol, acetate)
and nutrients (nitrogen and phosphorus), is
introduced into the treatment bed. As
groundwater passes through the system, the
microorganisms derive energy from the oxidation
of the organic substrate, simultaneously
bioreducing the perchlorate. Thus, the
microorganisms multiply to a steady-state level,
determined by the organic loading to the system.

Non-viable microorganisms eventually become
detached from the media, and exit the system in
the groundwater effluent, allowing new
microorganisms to attach and reproduce. The
reaction takes place under anoxic conditions, and
therefore no air or oxygen (other than that
contained in the influent water) is introduced to
the system.

4.O DATA REQUIREMENTS

The long-term goals of this treatability work are:
1) to demonstrate the technology can achieve
effluent goals for perchlorate and nitrate
concentrations, and 2) to collect the data
necessary for the design and construction of a
full-scale treatment unit that will be part of the
BPOU treatment train, delivering potable water to
local and regional water purveyors.

The objectives of this Phase 1 treatability study
are to evaluate the performance of the GAC/FB
treatment technology previously tested at
Aerojet's Sacramento facility with the following
modifications:

• Decrease the concentration of perchlorate in
the influent to a concentration representative
of that which will be present in San Gabriel
Basin groundwater

• Increase the concentration of nitrate in the
influent water to a concentration
representative of San Gabriel Basin
groundwater

• Achieve a lower perchlorate concentration in
treatment plant effluent

• Test the effectiveness of an alternative source
of microorganisms.
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• Evaluate the characteristics of the effluent to
ensure potability.

Phase 1 testing is planned at Aerojet's
Sacramento facility because many of the pilot
system components are onsite, staff familiar with
prior pilot system construction and operation are
available, and there are no complicating issues
related to the discharge of treated water.

4.1 Demonstrate Technology Can
Achieve 18 fig/L Limit or Lower

At the time the pilot-scale study was performed at
Aerojet's Sacramento facility, the goal was to
produce effluent that was less than the 400 /ig/L
laboratory reporting limit current at that time.
When the pilot-scale study was completed, the
effluent generally was characterized by
perchlorate concentrations less than 100 p.g/L.
Measurement of concentrations at this level had a
higher level of uncertainty as they were below the
established reporting limit. At that time it was
not possible to measure to the current reporting
limit of 4 jtig/L. Therefore, it was not possible to
optimize system flow rate, organic carbon source,
or nutrients to see if lower effluent concentrations
were possible. Therefore, it is uncertain if the
full-scale system to be constructed by Aerojet in
Sacramento may reach treatment goals for the
BPOU. Treatability studies will need to
demonstrate that a sufficiently low perchlorate
concentration in treatment plant effluent is
possible.

4.2 Evaluate Lower Perchlorate
Influent Concentration

Based on the distribution of perchlorate in San
Gabriel Basin groundwater, the configuration of
extraction wells and flow rates described in the
December 1996 Pre-Remedial Design Report
(CDM, 1996), and modifications to the extraction
plan discussed with U.S. EPA, the BPOU
extraction system, as conceived, would produce
groundwater containing concentrations of
perchlorate between 50 and 100 /xg/L. This value
was estimated by selecting surrogate wells for
each extraction well location, assigning recently
measured concentrations from each surrogate
well to its corresponding extraction well, and
flow-weighting these concentrations based on
expected pumping rates to produce a flow-
weighted average concentration for the BPOU
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extraction system. This method is a rough
estimation of concentrations that will be initially
extracted. The actual concentrations present in
the extracted groundwater will be known after
extraction wells are constructed and pumped at
their designed flow rate.

Although concentrations of perchlorate in
groundwater at Aerojet's Sacramento facility that
were used as influent to the pilot test ranged from
7,000 to 8,000 mg/L, there are wells at the
Sacramento facility that have lower perchlorate
concentrations. This treatability test will extract
water from a well containing a perchlorate
concentration representative of that anticipated in
San Gabriel Basin. The selected well (40-11) is
currently part of one of Aerojet's groundwater
extraction and treatment systems (GET-B). This
well consistently produces water containing
approximately 50 ug/L perchlorate and 50 to 70
mg/L nitrate.

4.3 Utilize Higher Nitrate Influent
Concentration

Pilot testing at Aerojet's Sacramento facility
treated groundwater characterized by low
(1.5 mg/L) nitrate concentrations. The results of
the pilot-scale study performed in Sacramento
show effluent nitrate concentrations less than
0.05 mg/L. This suggests that along with
consumption of alcohol and reduction of
perchlorate, that reduction of nitrate is also
occurring in the fixed film bioreactor.

Supporting evidence that the same anoxic
conditions that contribute to the reduction of
perchlorate may also reduce nitrate
concentrations may be found in the literature
where processes using bacterial denitrification of
wastewater have been described. Although
denitrification has not been widely applied to
drinking water systems, such systems do exist in
Colorado, Texas, and France. One such system
was designed for the town of Wiggins, Colorado
to denitrify their drinking water. The process
equipment, designed and testing performed by
Joann Silverstein of the University of Colorado,
Boulder (Silverstein, 1997). The system consists
of a packed tower fixed film bioreactor where
denitrifying bacteria are supported on a high-
porosity plastic media.
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This observation could have a significant
beneficial effect on the BPOU project as influent
nitrate concentrations have been estimated
between 20 and 25 mg/L, by the same method
described above to estimate influent perchlorate
concentrations. Although these concentrations
are well below the 45 mg/L MCL, they are
substantially higher than concentrations currently
received by customers of MWD and TVMWD.
Should the GAC/FB biochemical system prove to
be an effective method of reducing nitrate
concentrations in treatment plant effluent, it may
be possible to reduce both perchlorate and nitrate
concentrations.

Preliminary evaluation of candidate wells
identified a well (40-11) at Aerojet's Sacramento
facility that has historically produced water
containing between 50 and 70 mg/L nitrate. In
addition, this well is part of a current
groundwater extraction system (GET-B) so that
water quality is anticipated to remain relatively
constant for the duration of the pilot test.

4.4 Evaluate Different Source of
Microorganisms

The source of microorganisms in the previous
study was municipal wastewater treatment plant
sludge. This approach presents a concern related
to the introduction of pathogens into potable
water supply. Pilot-scale work performed at
Aerojet's Sacramento facility demonstrated that
pathogens are not present in pilot plant effluent;
however, the potential presence of these
pathogens remains a concern.

The Phase 1 treatability study will utilize waste
sludge from the food processing industry. The
waste sludge will likely contain microorganisms
appropriate for perchlorate reduction, but lack
the pathogens that may be of concern.

4.5 Potability of Treated Water

For the BPOU project to be viable it must deliver
potable water to local and regional water
purveyors. Therefore the selected treatment train
must produce water that meets all federal and
state requirements for a potable water supply.
Embodied in the objectives described above are
the need to produce water that contains
acceptable concentrations of perchlorate and
nitrate and lacks pathogens. In addition this
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pilot-scale testing will evaluate all other
applicable water quality parameters to ensure
treatment plant effluent can achieve other potable
water quality goals.

The source water and the effluent will be tested
for an appropriate range of water quality
parameters including those specified in the Safe
Drinking Water Act and the California Code of
Regulations, Title 22.

4.6 Phase 2 Pilot-Scale Treatability
Study

Assuming Phase 1 results demonstrate effluent
goals can be met, Phase 2 testing would be
performed. It is the intention of the BPOUSC to
perform Phase 2 treatability testing at a site in the
San Gabriel Basin. Details and logistics regarding
this testing will be developed during the
performance of Phase 1 testing. Details which
will be resolved during Phase 1 testing will
include the well site where treatability testing
will be performed, the flow rate at which the
testing will be performed, and the method and
condition under which the effluent will be
delivered.

Phase 2 testing could commence in early 1998,
with testing complete and a draft report available
for EPA review later in 1998. Adherance to this
schedule is dependent upon several key
assumptions. These include identification of a
suitable site for testing, an agreement with the
current well owner/operator, resolution regarding
the flow rate to be tested, resolution regarding use
of the water and disposal of wastewaters, and the
ability to design and construct a Phase 2 system
at the selected flow rate within this timeframe.

In late 1998 Aerojet's Sacramento perchlorate
treatment unit should be on-line and several
months of performance data should be available.
Input from both phases of treatability testing and
performance data from Aerojet's Sacramento
treatment unit would allow the BPOUSC to
proceed with design of the BPOU project.

Preliminary Phase 2 treatability testing objectives
are to: 1) determine the efficiency of perchlorate
reduction, 2) evaluate required nutrients,
3) assess factors affecting biomass stability,
4) assess the effect of various nitrate
concentrations, 5) evaluate relative bacterial
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preference for perchlorate and nitrate and the role
that competing electron acceptors play in system
performance and 6) establish filtration/
disinfection requirements for potable water use.

5.O TREATMENT EQUIPMENT
DESCRIPTION

The Phase 1 treatment system includes an
extraction well, an air stripper with vapor phase
carbon air emission control, a bioreactor with
granular activated carbon, a fluidization pump, a
nutrient feed system, an alcohol feed system, a
biological growth control system, a 500 gallon
equalization tank, and assorted pumps, valves,
sensors, and piping.

The extraction well (40-11) is currently connected
to the GET-B treatment system. This connection
will remain, but a valve will be inserted in the
line to allow flow to be diverted from the GET-B
system to the Phase 1 treatment system as
needed. This will allow well 40-11 to continue
operating at a constant flow rate as the Phase 1
system is operated in recycle mode and as the
treatment system flow rate is increased to the
maximum design rate for this treatability test.

The conceptual design of the BPOU project
central treatment plant includes air stripping
technology to remove VOCs from San Gabriel
Basin ground water. For purposes of this Phase 1
treatability test it has been assumed that
perchlorate removal will occur following VOC
removal. Therefore for Phase 1 treatability testing
VOCs will first be removed with the use of a
portable air stripper. This portable air stripper
contains a 70 gallon reservoir in its base which
with appropriate sensors will be operated to
ensure constant flow to the bioreactor. VOC-free
groundwater will then flow into the GAC/FB
bioreactor.

Following completion of planned Phase 1
treatability testing consideration will be given to
reversing the order of the air stripper and
bioreactor. This configuration was not initially
selected for testing as the biological treatment of
VOCs in groundwater may result in the formation
of vinyl chloride, a compound not effectively
removed by vapor phase carbon, or the presence
of recalcitrant VOCs in the treatment stream
which may complicate the interpretation of the
effectiveness of perchlorate and nitrate treatment.
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An alcohol metering line, constructed of stainless
steel tubing, will be connected to the bioreactor
influent line. The alcohol will be added to the
influent to provide a readily-degradable carbon
source for the microorganisms. The alcohol will
be purchased in 55-gallon drums. Because the
alcohol is flammable, the drums will be stored in
a fire-rated outdoor storage cabinet which
contains an integral sump for spill control. The
alcohol will be metered from the 55-gallon drum
using a hazardous duty diaphragm metering
pump which is UL-listed for use in Class I,
Group D, Division I hazardous locations.
Containment around the metering pump will be
provided for spill control. The flow rate of the
alcohol will be measured with a graduated
cylinder and stopwatch.

The central reactor for the GAC/FB pilot system
will be leased from a contractor. The bioreactor
is 20 inches in diameter and 15 feet high.
Additional components for the pilot system are
available at Aerojet's Sacramento facility. The
pilot system, rated for a once through flow rate of
30 gpm (113.6 liters/minute), is skid mounted.

A photograph of a generalized GAC/FB bioreactor
is presented as Figure 5-1. A generalized process
and instrumentation diagram (P&ID) is presented
as Figure 5-2. These figures are not specific to
this Phase 1 Pilot-scale test. The specific
components and configuration of the treatability
testing equipment to be used for Phase 1
treatability testing will differ from these figures to
suit treatability test objectives.

The GAC/FB pilot unit is enclosed in a weather
resistant container for protection from freezing
during cold weather operation. The piping
located outside of the reactor column will be
insulated as appropriate. The purpose is to
maintain a relatively constant water temperature
in the GAC/FB reactor and prevent icing if the
ambient temperature drops significantly.
Previous pilot-scale testing was performed from
April through December of 1996 and only minor
changes (1 to 2 degrees) in temperature were
observed.

Seven sample ports will provide for the collection
of water quality samples and measurement of
field parameters at key locations throughout the
treatment system. These seven sample ports will
be located as follows:
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1. Air stripper inlet line

2. Air stripper effluent line

3. GAC/FB influent line after strainer,
alcohol feed, nutrient feed, and recycle
line

4. 25 percent of flow path in GAC/FB
bioreactor

5. 50 percent of flow path in GAC/FB
bioreactor

6. 75 percent of flow path in GAC/FB
bioreactor

7. Effluent line from GAC/FB bioreactor

Samples will be collected from the 25 %, 50 %,
and 75 % positions along the bioreactor flow path
using individual 1/2 inch PVC tubing with
screened ends which extend from the top of the
bioreactor down to the appropriate horizon in the
bioreactor. All three tubes will be connected
through a common manifold with a three-way
valve for ease of sample collection.

After the effluent exits the bioreactor, it will flow
by gravity to a 500-gallon, polyethylene
equalization tank equipped with level controls.
From the equalization tank, the effluent will be
discharged directly to the GET-B treatment
system. The purpose of this equalization tank is
to assure the pump moving water to the GET-B
system receives a constant flow.

The equalization tank pump will be a centrifugal
end-suction pump. Operation of the effluent
equalization tank pump will be controlled by
high-high, high, and low-level switches in the
equalization tank. When the high-high level
switch is activated a signal will be sent to the
solenoid valve to close the influent line. The
closed valve will eliminate flow to the bioreactor
which will then operate in recycle mode to
prevent spills. In addition, the high-high level
switch will act as a fail-safe shutdown and signal
the alcohol metering pump to turn off so that it
no longer supplies alcohol to the influent line.
When the high-level switch activates, the
equalization tank centrifugal pump will be sent a
signal to turn on, discharging the contents of the
tank to the GET-B Treatment Pond. When the
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low-level switch activates, the equalization tank
pump will be signaled to turn off. A totalizer will
be installed to measure the total water flow
treated by the system.

Filtration of the treatment system effluent will not
be necessary before discharge. Pilot-scale testing
of filtration equipment may be necessary prior to
full-scale system design, but this testing if needed
will be performed as part of the Phase 2
Treatability Study.

6.0 PILOT SYSTEM OPERATION
AND MAINTENANCE PLAN

6.1 System Start Up and Operation

Upon delivery of the GAC/FB bioreactor to the
site, a general/mechanical contractor will perform
the mechanical and electrical installation. During
system construction, personnel from HLA and
Aerojet will provide oversight. The system will
be filled with water and hydraulically operated
prior to adding carbon or microbial seed to the
bioreactor to ensure proper, leak-free operation.

After leak and mechanical testing, the system will
be drained and the GAC/FB reactor column will
be filled with the recommended amount of
granular activated carbon. The remaining free
volume of the bioreactor will then be filled with
process water and the microbial seed.

From this point forward system operation is
separated into two periods. The first is the
startup period where microorganism growth and
attachment occurs and basic bioreactor operating
conditions are established. The startup period is
planned for 2 weeks. The second period is
referred to as the performance monitoring period
where system operating conditions are optimized
and performance monitoring samples collected.
The performance monitoring period is expected
to last 6 weeks.

During the startup period the bioreactor will be
operated in recycle mode for approximately one
week to allow for growth and attachment of the
microorganisms to the GAG. During recycle
mode, groundwater will not be flowing through
the system. Batch additions of alcohol, nutrients,
and perchlorate will be added on a regular basis
to support the microbial growth. As an option
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the bioreactor may be started up in flow through
mode.

After sufficient time is allowed for microorganism
attachment (one week), groundwater containing
perchlorate and nitrate will be introduced to the
bioreactor. At this time, the alcohol and nutrient
feed systems will be started. The flow of
groundwater will be gradually increased to the
design rate for the treatability test. Initial flow
will be 5 to 10 gpm, but as measured parameters
show the bioreactor has stabilized the flow rate
will be incrementally increased to the 20 to 30
gpm range.

The flow rate and the dosage of alcohol will be
adjusted during the startup period to establish a
stable microbial population in the bioreactor.
Nutrients will be dosed at a rate sufficient to
satisfy microbial requirements.

To assist in establishing stable operating
conditions during the second portion of the
startup period a profile of reactor conditions will
be obtained. Water samples will be collected
from sample ports on the influent and effluent
lines and at the 25, 50, and 75 percent points
along the bioreactor flow path. The profile of
selected parameters and concentrations of
selected ions including perchlorate will be
evaluated to examine perchlorate destruction.
These data will also be used to vary the alcohol
and hydraulic loading rates in a controlled, step-
like manner until the target organic loading rate is
established.

Targeted analytical parameters will be measured
before and after each change in operating
conditions. Although it is anticipated that the
system will respond rapidly to changes in
influent quality, nutrient feed, or alcohol feed,
approximately 24 hours will be allowed to pass,
samples collected and results interpreted before
additional changes are made. Assuming one day
turn-around for laboratory analysis this will mean
that operating changes will be made no more
frequently than every 48 hours. This will ensure
reactor stabilization and allow a better
understanding of how changes to reactor
operation affect effluent quality. Should results
from the initial startup period and measurement
of field parameters suggest the reactor stabilized
more rapidly, this protocol will be modified.

Once the microbial populations have been
established and stable bioreactor operating
conditions achieved (2 week startup period), the
system will be operated in the performance
monitoring mode (6 weeks). System operating
conditions will be optimized to match the feed
rate for alcohol with perchlorate and nitrate
destruction. The goal is to maximize perchlorate
and nitrate destruction and produce effluent free
of detectable alcohol. Sample collection and
analysis will be performed as described in
Section 7.0.

Analytical reporting limits are below health based
standards for potable water so production of
effluent without detectable alcohol will satisfy
water supply requirements.

HLA personnel will assume operation and
maintenance responsibilities. Operation and
maintenance activities and frequencies will be
modified as necessary to ensure proper control
and performance of the Phase 1 treatment system.
A logbook will be maintained at the site for
recording all operating activities and
observations. The logbook will serve as a daily
checklist to ensure that necessary maintenance,
sampling, and observations are conducted.

6.2 Health and Safety Plan

A Site Health and Safety Plan, prepared by HLA,
will govern the activities of all HLA workers at
the site who are associated with this pilot-scale
treatability study. This plan will be prepared
after Work Plan approval but prior to system start
up.

7.0 SAMPLING AND ANALYSIS
PLAN

The sampling and analysis portion of the Phase 1
treatability study is divided into two phases: a
system startup period and a performance
monitoring period. - During the first week of the
startup period the objective is to build and
establish the necessary population of
microorganisms. The monitoring of field
parameters and sampling and analysis schedule
for this period is designed to support this
objective. Field parameters will be measured and
reported at least once each day. Although water
quality samples will be collected on a daily basis
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these samples will be analyzed for the limited
number of laboratory analytes necessary to
ensure the microorganisms are receiving
sufficient organic substrate and nutrients.

In addition, early in the first week one influent
sample will be collected and analyzed to provide
a complete characterization of the source water.
This will allow for modification of the analytical
schedule if appropriate. Samples of air stripper
influent and effluent will be collected and
analyzed for VOCs as the air stripper is brought
on-line to ensure VOCs are removed from the
influent to the bioreactor.

During the second week of the startup period,
monitoring of field parameters and sampling will
be sufficiently frequent to provide complete
characterization of the process influent and
effluent, collect data to allow for bioreactor
profiling, and allow adjustments to operating
conditions.

After steady-state operating conditions are
reached, less frequent but regular performance
monitoring will be conducted to monitor
treatment process performance.

7.1 Field Data Collection

During the first week of system startup, frequent
monitoring of field parameters will be performed
to assure steady-state conditions while
microorganism populations are increasing and
stabilizing. The parameters to be measured in the
field include flow rate, dissolved oxygen (DO),
pH, oxidation-reduction potential (redox
potential), and temperature.

Flow rates will be continuously monitored with
in-line, correlated flow meters. Flow meter
readings will be confirmed by monitoring the
effluent volume that accumulates in the
polyethylene tank. A reference line for tank
volume versus fluid height is present on the
outside of the tank. The flow from the alcohol
metering pump will be measured using a
graduated cylinder and a stopwatch.

The bioreactor influent and effluent DO will be
monitored at least once each day with a field DO
meter and field probe or equivalenWn-line
device. Each day the DO meter will be calibrated
using the air calibration method. DO
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measurements will be corrected for temperature
and pressure.

A hand held pH meter or equivalent device will
used to measure and record pH at least once each
day. The meter will be standardized to two
reference buffer solutions prior to obtaining each
pH measurements.

A hand held platinum electrode or equivalent
device will used to measure and record redox
potential at least once each day.

The temperature of bioreactor influent and
effluent will be measured at least once each day
with a hand held mercury thermometer or
equivalent device.

During the second half of the startup period and
the performance monitoring period field
parameters will be measured and recorded on at
least a daily basis. Field parameters will be
measured and recorded whenever a water quality
sample is collected.

7.2 Sample Collection

Seven sample ports will provide for the collection
of water quality samples and measurement of
field parameters at key locations throughout the
treatment system. These seven sample ports will
be located as follows:

1. Air stripper inlet line

2. Air stripper effluent line

3. GAC/FB influent line after strainer,
alcohol feed, nutrient feed, and recycle
line

4. 25 percent of flow path in GAC/FB
bioreactor

5. 50 percent of flow path in GAC/FB
bioreactor

6. 75 percent of flow path in GAC/FB
bioreactor

7. Effluent line from GAC/FB bioreactor

The sampling and analytical schedules for the
startup period are presented in Tables 7-1 (week

Harding Lawson Associates 12



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I

1) and 7.2 (week 2). The sampling and analytical
schedule for the performance monitoring period
can be found as Table 7-3. These tables illustrate
the location and frequency of sample collection
as well as the compounds, ions, and parameters
to be monitored.

Sample tubing will be connected to the GAC/FB
bioreactor influent and effluent lines using
labcock ball valves to reduce the velocity of the
sample as it enters the sample bottles and thereby
reduce turbulence. Tubing and valves on sample
port lines will be opened and extensively flushed
prior to sample collection to ensure collection of
representative samples.

Samples collected from the pilot treatment
system will be in the form of discrete grab
samples. Grab samples provide better control
than composite samples for monitoring the effects
that changes in influent quality and reactor
operating conditions have on reactor
performance.

After collection, VOC samples in zero-headspace
vials will be inverted and inspected for the
presence of bubbles. All samples will be placed
into coolers for same-day transportation to the
analytical laboratory. Influent and effluent
samples will be stored and transported on ice to
preserve the samples and to prevent cross
contamination of samples. Upon arrival at the
laboratory, the samples will be stored at 4°C in
walk-in coolers. Samples collected on Sunday or
holidays will be stored in a refrigerator onsite, as
the laboratory is not open that day. Samples will
be delivered to the laboratory as soon as possible.

Sample container selection and sample
preservation techniques will comply with
U.S. EPA guidelines detailed in SW-846. Sample
tags indicating sample location, date and time of
sampling, and the initials of the individual who
collected the sample will be attached to each
sample. Each sample will be logged onto a chain-
of-custody form. Copies of all chain-of-custody
forms generated during the pilot study will be
kept on file and available for review.

7.3 Analytical Testing

The project laboratory will perform analyses for
volatile organic compounds (VOCs), ammonia-
nitrogen, alkalinity, chloride, phosphate, BOD,

COD, total suspended solids, total dissolved
solids, turbidity, perchlorate, chlorate, chlorite,
hypochlorite, chloride, ammonia, nitrate, nitrite,
sulfate, sulfide, alcohols, metals, and
bacteriology. The purpose of this testing is to
evaluate the effectiveness and mechanisms of
perchlorate reduction. Analytical testing will be
conducted using the U.S. EPA approved methods.
Analytical method requirements are detailed in
Table 7-4. Detection limits for all parameters are
below health based water quality (drinking water)
standards where such standards exist.

7.4 Quality Assurance Project Plan

HLA's Quality Assurance Management Plan
(QAMP) assures that appropriate measures will be
taken to assure project data quality objectives
(DQOs) are achieved and data integrity is
maintained. In addition to DQOs, HLA's QAMP
addresses methods for sample collection and
handling, sample custody, the type and frequency
of quality control samples, laboratory quality
control procedures, methods for data verification,
reduction, management and interpretation, record
keeping and corrective actions.

For field activities approximately five percent of
all samples will be collected as splits (duplicates).
Sample splits (duplicates) and blanks will be
submitted to the project laboratory on a more
frequent basis during the startup period when
samples are collected more frequently. Trip
blanks will be used where laboratory
contamination is a concern. Field blanks will be
used where field contamination is a concern.
Quality control samples will be collected, but less
frequently during the performance monitoring
period. Sample splits (duplicates) will submitted
more frequently for analyses that are performed
more frequently. Table 7-5 describes the type and
frequency of field quality control samples. All
samples will be appropriately labeled, packaged,
and will be shipped to the project laboratory
under chain of custody.

Analysis of samples by the project laboratory will
be performed in conformance with laboratory QC
procedures and QC procedures specified by each
of the certified or approved analytical methods.
Table 7-6 details laboratory quality control
procedures and statistical analysis guidelines.
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8.O WASTE STREAM MANAGEMENT

Under approval of the Central Valley Regional
Water Quality Control Board, system effluent will
be discharged directly to the GET-B treatment
system. At the conclusion of the study, TCLP
testing will be conducted to verify the GAG does
not exhibit the hazardous characteristics. After
reviewing test results, the GAG will be disposed
of in accordance with applicable laws and
regulations.

9.0 IMPLEMENTATION TEAM AND
COMMUNICATION PLAN

9.1 Implementation Team

Activities described here will be implemented by
the team shown on Figure 9-1. Individuals
responsible for the implementation of the
activities in this Work Plan are: 1) appropriately
qualified and licensed, 2) have considerable
knowledge of a range of treatment technologies
and experience designing and performing bench-
scale and pilot-scale treatability tests, and 3) are
experienced with the methods and procedures
including those related to Health and Safety and
Quality Assurance required to perform the
proposed work.

This treatability study will be performed by a
team of personnel from HLA and Aerojet under
the direction of BPOUSC Co-chairpersons, Don
Vanderkar and Steve Richtel.

9.2 Communication Plan

Communication during the implementation of
this treatability work will be conducted in a
manner to facilitate timely decision making and
communication of work progress. Lines of
communication are shown on Figure 9-1.

John Catts will serve as technical director for the
work and be responsible for communicating work
progress to the BPOUSC and U.S. EPA.

It is anticipated that work progress and results
will be communicated via telephone
conversations, meetings, written correspondence,
and reports as described in Section 10.0.

1O.O SCHEDULE

This Work Plan was prepared within the schedule
proposed by the BPOUSC in the document
entitled "The Distribution and Treatability of
Perchlorate in Groundwater, Baldwin Park
Operable Unit, San Gabriel Basin" dated July 15,
1997 (HLA, 1997a) This Work Plan was first
issued in draft form on August 26, 1997. The
U.S. EPA issued comments and approved the
Work Plan in a letter dated September 12, 1997.
The BPOUSC issued a "Final Phase 1 Treatability
Study Work Plan" on October 6, 1997. The U.S.
EPA issued comments on this document in a
letter dated October 16, 1997.

This "Revised Final Phase 1 Treatability Study
Work Plan" incorporates changes and additions
resulting from design and construction of the
Phase 1 treatment system and also addresses U.S.
EPA comments from both September 12, 1997
and October 16, 1997 letters.

Planning and preparation for Phase 1 treatability
testing commenced in mid September 1997.
Assembly of the pilot-scale bioreactor is presently
in progress.

The BPOUSC will provide U.S. EPA with progress
reports in the form of conference calls
approximately 30 and 60 days following approval
of this Work Plan. Assuming an U.S. EPA Work
Plan approval date of September 12, 1997,
teleconference progress reports will be held in
mid-October and mid-November, 1997.

The BPOU will submit to U.S. EPA a written
Phase 1 treatability testing progress report within
75 days of Work Plan approval. This progress
report will contain preliminary Phase 1 results if
available. In addition this progress report will
contain either a Supplemental Work Plan for
Phase 2 Treatability Testing or an explanation as
to why additional Phase 1 testing is necessary
before a Phase 2 Work Plan can be prepared, and
a planned submittal date for a Phase 2 Work Plan.
These recommendations may include additional
testing with reversal of the air stripper and
bioreactor if appropriate.

Regardless, this written progress report will serve
as the basis for establishing the schedule for the
balance of Phase 1 treatability testing. A
schedule for Phase 1 treatability testing is
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provided below with tentative completion dates
for activities that will occur following the
submittal of the written progress report on
November 27, 1997.

Duration Task
from Completion

Task Description approval Date

Draft Phase 1 Work Plan — 8/26/97

EPA, DHS, MWD Review 0 days 9/12/97

Progress Report 30 days 10/12/97
(telephone)

Phase 1 Mobilization 45 days 10/27/97

Progress Report 60 days 11/12/97
(telephone)

Written Progress Report 75 days 11/27/97

Phase 1 Testing 105 days 12/27/97

Draft Phase 1 Report 150 days 2/25/98

EPA, DHS, MWD Review 165 days 3/12/98

Final Phase 1 Report 180 days 3/25/98
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Table 7-1
Sampling and Analysis Plan

System Startup Period (Week 1)

Analytes

Volatile Organic Compounds
Alcohols
Perchlorate

Chlorate, Chlorite, Hypochlorite
Alkalinity (carbonate, bicarbonate)
Chloride
Total Phosphorus

Nitrogen, Ammonia
Nitrogen, Nitrate, Nitrite
Sulfate, sulfide
Metals1

Bacteriology2

Total Dissolved Solids
Total Suspended Solids

Turbidity

Biochemical Oxygen Demand
Chemical Oxygen Demand

Air Stripper
Influent

2/week

Air Stripper
Effluent

I/week

GAG/FB
Influent

7/week

7/week

I/week
I/week

I/week
I/week
7/week
7/week
I/week

I/week
I/week
I/week

I/week
I/week

I/week
7/week

GAC/FB
1/4

GAC/FB
1/2

GAC/FB
3/4

GAC/FB
Effluent

I/week

7/week

7/week

7/week

7/week

I/week

7/week

Total
Samples

4

14

14

1

1

1

1

14

14

1

1

2

1

1

1

1

14

1 Title 22 metals, potassium, sodium, magnesium, iron, calcium,
2 Total and fecal coliform and heterotrophic plate count

manganese
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Table 7-2
Sampling and Analysis Plan

System Startup Period (Week 2)

Analytes

Volatile Organic Compounds
Alcohols

Perchlorate

Chlorate, Chlorite, Hypochlorite

Alkalinity (carbonate, bicarbonate)
Chloride

Total Phosphorus
Nitrogen, Ammonia
Nitrogen, Nitrate, Nitrite
Sulfate, sulfide
Metals1

Bacteriology2

Total Dissolved Solids
Total Suspended Solids
Turbidity

Biochemical Oxygen Demand

Chemical Oxygen Demand

Air Stripper
Influent

2/week

Air Stripper
Effluent

2/week

GAC/FB
Influent

7/week
7/week

7/week

2/week
7/week
7/week

7/week

7/week

2/week

2/week

2/week

2/week

2/week

2/week

2/week

7/week

GAC/FB
1/4

7/week

7/week

7/week

7/week

7/week

7/week

7/week

GAC/FB
1/2

7/week

7/week
7/week

7/week

7/week

7/week

7/week

GAC/FB
3/4

7/week

7/week

7/week

7/week

7/week

7/week

7/week

GAC/FB
Effluent

2/week

7/week

7/week

7/week

2/week

7/week

7/week

7/week

7/week

2/week

2/week
7/week

2/week

2/week
2/week

2/week
7/week

Total
Samples

6

35

35

35

4

35

14

35

35

4

4

9

4

4

4

4

35

1 Title 22 metals, potassium, sodium, magnesium, iron, calcium, manganese
2 Total and fecal colifonn and heterotrophic plate count
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Table 7-3
Sampling and Analysis Plan

Performance Monitoring Period (Weeks 3 through 8)

Analytes

Volatile Organic Compounds

Alcohols
Perchlorate

Chlorate, Chlorite, Hypochlorite
Alkalinity (carbonate/bicarbonate)

Chloride
Total Phosphorus

Nitrogen, Ammonia
Nitrogen, Nitrate, Nitrite
Sulfate

Metals1

Bacteriology2

Total Dissolved Solids

Total Suspended Solids

Turbidity

Biochemical Oxygen Demand
Chemical Oxygen Demand

Air Stripper
Influent

I/week

Air Stripper
Effluent

I/week

GAC/FB
Influent

7/week

7/week

I/week

I/week
I/week

I/week
I/week

7/week
I/week
I/week

I/week
I/week

I/week

I/week
I/week

I/week

GAC/FB
1/4

I/week

I/week

I/week

GAC/FB
1/2

I/week

I/week

I/week

GAC/FB
3/4

I/week

I/week

I/week

GAC/FB
Effluent

I/week

7/week
7/week

I/week
I/week

I/week
I/week
I/week
7/week
I/week
I/week

I/week

I/week

I/week
I/week
I/week

I/week

Total Samples

18

102

102

12

12

12

12

12

102

12

12

12

12

12

12

12

12

1 Title 22 metals, potassium, sodium, magnesium, iron, calcium, manganese
2 Total and fecal coliform and heterotrophic plate count
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Table 7-4
Analytical Method Requirements

Analytes

Volatile Organic Compounds

Alcohols

Perchlorate

Chlorate, Chlorite, Hypochlorite

Alkalinity (carbonate/bicarbonate)

Chloride

Total Phosphorus

Nitrogen, Ammonia
Nitrogen, Nitrate, Nitrite

Sulfate, Sulfide

Metals1

Bacteriology2

Total Dissolved Solids

Total Suspended Solids

Turbidity

Biochemical Oxygen Demand

Chemical Oxygen Demand

U.S. EPA
Method

8260

8015

300
(modified)

300

310.1

325.2

365.5

350.1

353.1

375.4

6000/7000

9200

160.1

160.2

180.1

405.1

410.4

Preservative

HCL-pH<2

4°C

Cool 4°C

4°C

4°C

4°C

H2SO4

H2S04

4°C

Cool 4°C

HNO2 - pH<2

Sodium
Thosulfate -

4°C

4°C

4°C

4°C

4°C

HNO2 - pH<2

Holding
Time

14 days

14 days

14 days

14 days

14 days

28 days

28 days
28 days

28 days

Sulfate - 28 days
Sulfide - 7 days

6 months

24 hours

7 days

7 days

2 days

2 days

28 days

Sample
Container

40 ml VOA

40 ml VOA

Poly

Poly

Poly

Poly

Poly
Poly
Poly

Poly

Poly

Plastic

Poly

Poly

Poly

1L Amber

Poly

Sample
Volume

3 x 40 mL

1 x 40 mL

125 mL

100 mL

500 mL

50 mL

100 mL

100 mL

100 mL

100 mL

500 mL

100 mL

100 mL

500 mL

50 mL

1,000 mL

50 mL

Method
Detection

Limit

Varied

Varied

2ppb

Still being
determined

—

0.72 ppb

0.04 ppb

0.027 ppb

0.0044 ppb

...

Varied

Varied

—

—
...

...

8.9 ppb

Reporting Limit

5 - 100 ng/L

lOOmg/L

5 ppb

200,20,50 ppb

5 mg/L ppm

1.0 mg/L ppm

0.3 mg/L ppm

0.1 mg/L ppm
0.1 mg/L ppm

1.0 mg/L ppm

Varied

Varied

10 mg/L ppm

5 mg/L ppm

1NTU

3.0 mg/L

10 mg/L
1 Title 22 metals, potassium, sodium, magnesium, iron, calcium, manganese
? Total and fecal coliform and heterotrophic plate count
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Table 7-5
Field Quality Control Sample Schedule

(Total Samples)

Analytes

Volatile Organic Compounds

Alcohols
Perchlorate

Chlorate, Chlorite, Hypochlorite

Alkalinity (carbonate/bicarbonate)
Chloride

Total Phosphorus
Nitrogen, Ammonia
Nitrogen, Nitrate, Nitrite
Sulfate, Sulfide
Metals1

Bacteriology2

Total Dissolved Solids

Total Suspended Solids
Turbidity

Biochemical Oxygen Demand

Chemical Oxygen Demand

U.S. EPA
Method

8260

8015

300
(modified)

300

310.1

325.2

365.5

350.1

353.1

375.4

6000/7000

9200

160.1

160.2

180.1

405.1

410.4

Weekl

Splits

1

1

1

1

1

Blanks

2(T)

Week 2

Splits

1

2

2

2

1

2

2

2

2

1

1

. 2

1

1

1

1

2

Blanks

1(T)
1(T)

1(F)

Week 3

Splits

2

6

6

1

1

1

1

1

6

1

1

3

1

1

1

1

1

Blanks

3(T)

3(T)

3(F)

Total Samples

9

13

13

3

2

3

3

4

9

2

2

5

2

2

2

2

3

T = Trip Blank F = Field Blank
1 Title 22 metals, potassium, sodium, magnesium, iron, calcium,
2 Total and fecal colifonn and heterotrophic plate count

manganese
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Tablo 7-6
Laboratory Quality Control Procedures

Analytes

Volatile Organic Compounds

Alcohols

Perchlorate

Chlorate, Chlorite, Hypochlorite

Alkalinity (carbonate/bicarbonate)

Chloride

Total Phosphorus

Nitrogen, Ammonia

Nitrogen, Nitrate, Nitrite

U.S. EPA
Method

8260

8015

300
(modified)

300

310.1

325.2

365.2

350.2

353.3

Initial
Calibration

5 points

5 points

5 points

6 points

6 points

6 points

6 points

6 points

6 points

Continuing
Calibration

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Every 10
samples

Standard

Every 10
samples

"lf aUd after
last sample

Every 10
samples
and after

last sample

Every 10
samples
and after

last sample
—

—

—

—

—

,- - —

Method Blank

Control
Limit

Less than
MDL

Less than
MDL

Less than
MDL

<R.L.

<R.L.

<R.L.

<R.L

<R.L

<R.L

Minimum
Frequency

1 per batch

1 per batch

1 per batch

1 per batch

1 per batch

1 per batch

1 per batch

1 per batch

1 per batch

Matrix Spike

Control
Limit (%R)

60-140

50-150

70-130

25-125

—

25-125

25-125

25-125

25-125

Minimum
Frequency

1 per 20
samples

1 per 20
samples

1 per 20
samples

1 per 20
samples

—

1 per 20
samples

1 per 20
samples

1 per 20
samples

1 per 20
samples

Matrix Spike Duplication

Control
Limit (RFD)

±30

±30

1

l

±20

+ 30
1

1
±30

±25 or 30

±25 or 30

±25 or 30

Minimum
Frequency

1 per 20
samples

1 per 20
samples

1 per 20
samples

1 per 20
samples

1 per 20
• samples

1 per 20
samples

1 per 20
samples

1 per 20
samples

Laboratory Control Sample

Control
Limit (%R)

60-140 .

50-150

85-115

50-150

.

60-140

60-140

70-130

70-130 .

Minimum
Frequency

1 per 20
samples

1 per 20
samples

1 per 20
samples

1 per 20
samples

—

1 per 20
samples

1 per 20
samples

1 per 20
samples
1 per 20
samples
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Analytes

Sulfate

Metals1

Bacteriology2

Total Dissolve'd Solids

Total Suspended Solids .

Turbidity

Biochemical Oxygen Demand

Chemical Oxygen Demand

U.S. EPA
Method

375.4

6000/7000

9221B

160.1

160.2

180.1

405.1

. 410.4

Initial
Calibration

6 points

3 points

N/A
—

—
—

N/A

6 points .

Continuing
Calibration

Every 10
samples

Every 10
samples

N/A
—

—
—

N/A

Every 10
samples

Standard

—

—

-,-^N/A
—

—
—

N/A

Every 10
samples

Method Blank

Control
Limit

<R.L

<R.L.

N/A

<R.L.

<R.L.
—

<0.2

<R.L.

Minimum
Frequency

1 per batch

1 per batch

N/A

1 per patch

1 per batch
—

1 per batch

1 per batch

Matrix Spike

Control
Limit (%R)

25-125

25-125

N/A
.

. —
—

25-125

Minimum
Frequency

1 per 20
•' samples

1 per 20
samples

N/A
—

—

—
—

1 per 20
samples

Matrix Spike Duplication

Control
Limit (RFD)

±25 or 30

±25 or 30
. i

N/A
—

—

—

±25 or 30
i

Minimum
Frequency

1 per 20
samples

1 per 20
samples

N/A
—

—

—

—

1 per 20
samples

Laboratory Control Sample

Control
Limit (%R)

70-130

50-150

N/A
—

—

—
...

'

Minimum
Frequency

1 per 20
samples

1 per 20
samples

N/A
—

—

—

—

1 per 20
samples

N/A = Not Applicable

1 Title 22 metals, potassium, sodium, magnesium, iron, calcium, manganese
2 Total and fecal coliform and heterotrophic plate count
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DEVIATIONS FROM FINAL PHASE I TREATABILITY STUDY WORK PLAN
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DEVIATIONS FROM FINAL PHASE ITREATABELITY STUDY WORK PLAN

The following deviations/additions to the Phase I Work Plan relate to equipment used during the
study:

• With the goal of providing a constant flow rate to the bioreactor, a method for controlling the
water level in the reservoir at the bottom of the air stripper was developed and implemented.
The influent flow rate to the air stripper was purposely set approximately 2 gallons per minute
(gpm) higher than the effluent discharge from the air stipper reservoir. The water overflow
drained out of the reservoir into a nearby overflow tank. When this overflow tank was full, the
water was pumped back to the GET-B treatment system pond. This method for controlling the
water level in the air stripper reservoir provided constant flow to the bioreactor.

• Although an ethanol dosing pump, equipped with a graduated pipette was designed to measure
ethanol influent, this system did not provide reliable data or dosing. The flow rate of ethanol
was measured by monitoring changes in the ethanol supply drum level. This method proved to
be more accurate than using the graduated pipet connected directly to the pump discharge.

• The GAC/FB bioreactor was provided as a turnkey unit and was modified to meet the needs of
the study. Several of the components provided with the bioreactor were not used during the
study. These components were shown in the work plan (Figures 5-1 and 5-2). The
equalization tank shown in the drawing is not used, rather the air stripper reservoir serves the
same purpose. The oxygen generation system, bubble contactor, and eductor will not be used
during this study. However, the compressor, which is part of the oxygen generation system,
was used to supply air to air-operated valves within the unit as well as the carbon separator
and return system.

• The biological growth control system at the top of the reactor was automatically controlled by
a timer.

• A carbon separator and return system was installed in the reactor effluent pipe.

• The sample ports were labeled in the following manner. A sample port (BS-C) was added to
the undiluted groundwater supply line after the ethanol influent line. Sample collection from
BS-C was performed in accordance with sampling and analysis procedures described in the
Work Plan.

1. Air stripper inlet line (Port A)

2. Air stripper effluent line (Port B)

3. Air stripper effluent line, post-ethanol injection, pre-mix with recirculation water (Port BS-
C)

4. GAC/FB diluted reactor inlet influent line (Port C)

5. 25 percent of flow path in GAC/FB bioreactor (Port D)

N:\AEROJET\PHASEI\HNALDRA.DOC Harding Lawson Associates B-1
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6. 50 percent of flow path in GAC/FB bioreactor (Port E)

7. 75 percent of flow path in GAC/FB bioreactor (Port F)

8. Effluent line from GAC/FB bioreactor (Port G)

The following deviations/additions to the Phase I Work Plan relate to treatability study operations:

• During the startup period the bioreactor was operated with 100 percent recirculated water for
only 2 days, rather than 1 week as described in the work plan. It was decided that flow-
through operation would provide the best environment to foster microorganism growth and
attachment to the GAC. The groundwater well flow rate was increased slowly during this
startup because of a concern that if the groundwater well flow rate was increased too quickly,
the biomass might wash out of the system before it was completely attached to the GAC.

• The actual operational plan changed from that listed in the work plan. In the work plan there
were two distinct operational periods. The startup period was to last approximately 2 weeks,
and then the performance monitoring period was to last 6 weeks. The startup period actually
lasted approximately one month. During this period influent groundwater flow was increased
to 20 gpm, with stabilization between increases in flow rate. Trouble shooting of various
system problems extended the startup period. The remainder of problems extended the startup
period. The remainder of the testing program is considered the performance monitoring period.

• In general, a modified Week 1 sampling and analysis plan was used while attempting to
establish complete destruction. It was decided that since it took longer than expected in the
work plan to establish destruction, a modified sampling plan containing only the critical
parameters needed to gauge performance (ethanol, perchlorate, nitrate, nitrite, phosphorus,
ammonia, COD, and bacteriology) should be used. To collect additional samples for other,
noncritical parameters (e.g., alkalinity, chloride, sulfate, sulfide, metals) while destruction was
still being established was not efficient or economical. Typically, all of the critical parameter
analyses were performed on bioreactor influent (C) and effluent (G) samples (except
bacteriology, which was performed on G only). For the undiluted samples (BS-C), usually
only ethanol, perchlorate, phosphorus, nitrate, and nitrite analyses were performed. Modified
Week 1 sampling was performed daily, except when unforeseen circumstances, changes, or
interruptions would not allow. Once complete destruction was established, detailed profile
samples were collected per the work plan (Week 2) with the addition of sample collection at the
BS-C port. The work plan listed 7 days of profile sampling, but 16 days' worth of profile
samples were collected.

• No hypochlorite analyses were conducted because no EPA test method exists for that analysis.

• At the request of Aerojet, analyses for nitrosodimethylamine were performed on a limited
basis.

• VOC analyses per EPA Method 502.2 were conducted because a lower detection limit than
that obtainable from EPA Method 8260 was possible. At some points during the study, VOC
analyses were conducted more frequently than listed in the work plan to specifically monitor
for vinyl chloride.

N:\AERojCT\pHASEi\HNALDRA.DOC HarcHng Lawson Associates B-2
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DETAILED TREATMENT SYSTEM OPERATIONS CHRONOLOGY
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DETAILED TREATMENT SYSTEM OPERATIONS CHRONOLOGY

This appendix provides a chronology of activities related to the startup and operation of the Phase 1 Perchlorate
Treatability Study performed at the Aerojet facility in Rancho Cordova, California.

For this report, complete or 100 percent destruction is defined as occurring when the influent concentration of
the compound (i.e., perchlorate, nitrate) has been reduced in the effluent to a concentration that is not
detectable. Therefore if an influent perchlorate concentration of 50 ug/L is reduced to nondetect (<4 (ag/L) in
the effluent, the destruction is considered to be 100 percent

On November 5, 1997, granular activated carbon and microorganisms were added to the bioreactor and the
system operated in 100 percent recirculated water mode at a flow rate of 30 gpm for 2 days. The pilot plant is
designed to constantly run at a flow rate of 30 gpm through the bioreactor. System design allows the operators
to vary the proportion of groundwater influent and recirculated water. With no input from the well, the system
runs with 100 percent recirculated water. Groundwater flow can be increased on a continuum until the pilot
plant is running a 0 percent recirculated water component.

Baseline groundwater samples were also collected and analyzed at that time. Forward flow operations began
on November 7, 1997, with 83 percent recirculated water. The initial ethanol flow rate was calculated using
data derived from the previous perchlorate study. The initial loading rate of the urea and diammonium
phosphate nutrient mix was set according to known microbial requirements. The unit was operated at a 83
percent recirculated water for nearly 2 weeks to ensure microorganism attachment to the GAC.

The recirculating water percentage was slowly increased in 17 percent increments. Once complete perchlorate
destruction was observed at a flow rate, the flow rate was increased. To assist microbial growth, batch
additions of nitrate were made to the system during this time period. Three weeks after startup, the unit was
operating with 33 percent recirculating water. During this time period, samples were collected per the modified
Week 1 sampling schedule. Complete destruction of perchlorate to the detection limit was observed with 67,
50, and 33 percent recirculating water but was not consistent. With 83 percent recirculating water, detection of
perchlorate destruction was not possible as the perchlorate concentration entering the bioreactor was diluted by
recycle water to below its detection limit. On days of complete perchlorate destruction, at 67, 50, and 33
percent recirculating water, concentrations of perchlorate in the bioreactor influent averaged 8, 9, and 12 ug/L,
respectively. The overall average destruction rates at 10, 15, and 20 gpm were 90 percent, 100 percent, and 74
percent, respectively. Note that only one sample set was collected with 50 percent recirculating water.

Complete nitrate destruction to its detection limit was observed with 83, 67, 50, and 33 percent recirculating
water but was not consistent. Influent concentrations of nitrate varied widely because of batch nitrate addition.
On days when complete nitrate destruction was obtained at 83, 67, 50, and 33 percent recirculating water, the
influent nitrate concentrations averaged 0.78, 0.75, 5.3, and 6.3 mg/L, respectively. The overall average
destruction rates at 10, 15, and 20 gpm were 42 percent, 100 percent, and 56 percent, respectively. Again note
that only one sample set was collected with 50 percent recirculating water.

On days of complete nitrate destruction, effluent values for nitrite, the nitrate degradation product, were all
nondetect. On days when nitrate destruction was less than 25 percent, detectable concentrations of nitrite
ranging from 0.08 to 0.58 mg/L were observed. It was observed that significant amounts of nitrogen gas
bubbles were being created at higher influent groundwater flow rates as a result of the nitrate reduction
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occurring in the bioreactor. Nitrogen bubbles would attach to granules of carbon/biomass, carrying the
carbon/biomass out of the bioreactor. This in turn led to plugging of system piping.

During operations with 67, 50, and 33 percent recirculating water, residual effluent ethanol concentrations were
high, ranging from 68 to 370 mg/L. Residual effluent phosphorus levels ranged from 0.1 to 1.3 mg/L.
Bioreactor influent values of ethanol and phosphorus varied widely.

During this time period, typical effluent DO values were 0.0 or 0.1 mg/L. The pH both decreased and
increased across the bioreactor. The denitrification process consumes protons which should increase the pH
across the bioreactor. Temperature increases or decreases across the reactor varied from no change to 0.9°C.
The average reactor temperature was 18.2°CORP measurements were not taken during this time as the ORP
meter obtained for the study was not functioning properly and a new meter was being ordered.

From December 2 through 4, 1997, a carbon separator and return system was installed in the bioreactor
effluent pipe to minimize carbon loss from the bioreactor. During the carbon separator installation, it was
noted that an unknown white, mucous-like substance had caused carbon granules to clump together in the
bioreactor. Such clumping decreases surface area within the bioreactor, thereby potentially decreasing
perchlorate and nitrate destruction. This substance had also been encountered during the previous perchlorate
study conducted at Aerojet. The extent to which this substance is present appears to be directly related to the
amount of excess ethanol added to the system. The presence of the slime also clogged several of the reactor
sample ports, making sample collection from these ports impossible on some days. For future operations, the
ethanol flow rate was decreased and optimized as much as possible to minimize the presence of the white
mucous.

On December 11, 1997, the nutrient source was changed from urea and diammonium phosphate to
hexametaphosphate. It was thought that the denitrification process would provide enough elemental nitrogen
for use by the microorganisms, so that a nutrient source that provided phosphorus only would be adequate.

After carbon separator installation, the unit was started up with 33 percent recirculating water to see if the
biomass could respond immediately and reestablish previous destruction. This was not possible, and so the
recirculating water was increased to 83 percent to rebuild the microbial population. Complete perchlorate and
nitrate destruction had been obtained at 33 percent recirculating water, and so the recirculating water was
decreased to 0 percent to see if complete destruction could be established at that flow rate as well.

While the system operated with 0 percent recirculation, 4 days of reactor profile samples (per Week 2 sampling
schedule) were collected. All other samples were collected per the modified Week 1 sampling schedule.
Complete perchlorate destruction was never obtained, and destruction averaged 30 percent. The average
influent perchlorate concentration was 37 ug/L, and the average effluent concentration was 29 ug/L.

Complete destruction of nitrate was obtained three times, but it could not be established consistently. On the 3
days of complete destruction, the nitrate bioreactor influent concentration averaged 10.6 mg/L. The overall
average nitrate destruction was 75 percent. The overall average influent nitrate concentration was 11 mg/L, and
the overall average effluent nitrate concentration was 2.9 mg/L. At 30 gpm, only two sample sets had
nondetect effluent concentrations of nitrite. The overall average effluent nitrite concentration was 0.32 mg/L.

Influent ethanol concentrations averaged 71 mg/L, while effluent residual concentrations averaged 27 mg/L.
Bioreactor influent phosphorus concentrations averaged 0.34 mg/L, while effluent residual phosphorus
concentrations averaged 0.21 mg/L.
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Profile sampling was not performed for a continuous week, as originally outlined in the work plan, because
complete destruction could not be obtained. Until complete destruction was reestablished, no further profile
sampling would be performed.

The ORP value in the effluent averaged +74 mV. A value of-200 to -300 mV was expected for typical
denitrification processes but would vary with influent groundwater flow rate. The influent and effluent DO, as
measured by the inline DO probes, averaged 8.8 and 0.5 mg/L, respectively. The pH increase across the
reactor averaged 0.25 pH units. The average temperature change across the reactor was 0.2°C.

Complete destruction of perchlorate and nitrate could not be obtained with 0 percent recirculating water;
therefore, the percent of recirculation would be increased in 17 percent increments until complete destruction
could be obtained consistently. Complete destruction had been achieved previously with 33 percent
recirculating water. No testing had been conducted with 17 percent recirculation, and so on December 23,
1997, the recirculation was changed to 17 percent. Samples were collected per the modified Week 1 sampling
schedule. The complete destruction of nitrate and perchlorate was not obtained. Perchlorate destruction was
approximately 32 percent, with influent and effluent concentrations of 35 and 25 ug/L, respectively. Nitrate
destruction was approximately 60 percent, with influent and effluent concentrations of 9.5 and 3.9,
respectively. Effluent nitrite concentrations averaged 1.2 mg/L. The influent and effluent ethanol
concentrations were 57 and 27 mg/L, respectively. The influent and effluent phosphorus concentrations were
0.4 and 0.3 mg/L, respectively. The ORP value in the effluent averaged +28 mV. Influent and effluent DO
concentrations, as measured by the inline DO probes, averaged 9 and 0.5 mg/L, respectively. The average pH
increase across the reactor was 0.11 pH unit. The average temperature increase across the reactor was
negligible.

Since complete perchlorate and nitrate destruction was not obtainable with 17 percent recirculation, the
recirculation was increased to 33 percent on December 28, 1997. Since complete destruction had been obtained
before at this flow rate on December 1 and 2, 1997, it was anticipated that it would be obtained again.
Samples were collected per the modified Week 1 sampling schedule.

From December 29, 1997, to January 23, 1998, complete perchlorate destruction was obtained only once, with
the destruction averaging 34 percent. The overall average influent and effluent concentrations were 33 and 23
ug/L, respectively.

Complete nitrate destruction was never obtained. Nitrate destruction averaged 79 percent, with the average
influent and effluent concentrations at 11 and 2.5 ug/L, respectively. The average effluent nitrite concentration
was 0.60 mg/L, with only one sample result below the standard detection limit.

At the time, it was thought that one potential reason that complete perchlorate and nitrate destruction could not
be established was the loss of carbon out of the bioreactor. Due to carbon carryover the settled bed height,
which began at 7 feet, had decreased to 5 1/2 feet. Carbon was added to the reactor to bring the settled bed
height back to its original height. Samples collected soon after showed that this addition of carbon had no
effect on destruction. For the remainder of the study, the settled bed height was checked routinely and carbon
was added when needed.

Ethanol influent and effluent concentrations averaged 177 and 156 mg/L, respectively. The ethanol addition
rate was increased to see if this would help achieve complete reduction of both nitrate and perchlorate since
previous performance with 33 percent recirculation had been achieved at high ethanol loading rates. The
increased ethanol led to the generation of additional mucous but did not improve destruction. The bioreactor
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had to be probed regularly to break apart coagulated mucous and carbon and to ensure that the bed fluidization
properties were as good as possible.

At that time it was thought that a potential reason for not establishing complete destruction was that the
hexametaphosphate nutrient mix did not provide enough elemental nitrogen to support the microorganisms as
was originally anticipated. The hexametaphosphate source was removed and replaced with the original nutrient
source of urea and diammonium phosphate on December 31, 1997. However, the change in nutrients did not
improve destruction. After switching to the original nutrient source, influent and effluent phosphorus
concentrations averaged 0.43 and 0.42 mg/L, respectively.

The ORP value in the effluent averaged -103 mV. From January 13 through 23, 1998, the ORP fell to an
average of-209 mV; however, nitrate or perchlorate destruction did not improve. DO influent and effluent
concentrations, as measured by inline DO probes, averaged 5.6 and 0.3 mg/L, respectively. When complete
destruction was obtained previously with 33 percent recirculation, effluent DO concentrations averaged 0.05
mg/L. The average pH increase across the reactor was 0.23 pH unit. The average temperature increase across
the reactor was negligible.

Near the end of the operation, it was decided that DO profiles within the reactor would be taken to see where
most of the DO was being depleted. A DO profile was completed by directly lowering the DO probe inside the
reactor and recording DO concentrations as the probe traversed from the bottom to the top of the reactor.
While this was done temperature measurements were also taken with the DO probe as they would be more
accurate than temperature measurements taken through the D, E, and F sampling ports.

After ruling out ethanol and nutrient addition and proper bed fluidization as potential reasons for the
nonattainment of complete destruction with 33 percent recirculation, a fourth hypothesis for non-attainment
was developed. This hypothesis was that the DO loading might be too high for the biomass to both consume
available free oxygen and degrade perchlorate and nitrate. To test this theory, the air stripper was taken offline
on January 24, 1998, effectively decreasing the undiluted influent DO from a range of 8 to 10 mg/L to about 1
mg/L.

With the air stripper removed, the recirculation was set at 33 percent on January 24, 1998. Samples were
collected per the modified Week 1 sampling schedule. Complete nitrate and perchlorate destruction was
obtained within 2 days. For the next 3 days, perchlorate destruction averaged 100 percent. The average
influent perchlorate concentration was 28 ug/L.

The nitrate destruction also averaged 100 percent. The average influent nitrate concentration was 10.7 mg/L.
The average effluent nitrite concentration was 0.05 mg/L.

The influent ethanol concentrations averaged 110 mg/L, while effluent residual concentrations averaged 96
mg/L. Bioreactor influent phosphorus concentrations averaged 0.52 mg/L, while effluent residual phosphorus
concentrations averaged 0.42 mg/L.

The ORP value in the effluent averaged -228 mV. The influent and effluent DO, as measured by inline DO
probes, averaged 0.7 and 0.1 mg/L, respectively. The pH increase across the reactor averaged 0.56 pH unit.
The average temperature change across the reactor was negligible.

With complete perchlorate and nitrate destruction achieved with 33 percent recirculating water, the
recirculation was decreased to 17 percent on January 28, 1998. Samples were collected per the modified Week
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Complete nitrate and perchlorate destruction was obtained within 1 day after reducing the recirculating water.
For the next 8 days, perchlorate destruction averaged 100 percent. The average influent perchlorate
concentration was 28

The nitrate destruction also averaged 100 percent. The average influent nitrate concentration was 14.4 mg/L.
Nitrite was nondetect, at the standard detection limit of 0.03 mg/L, in every bioreactor effluent sample collected
over this time period.

The influent ethanol concentrations averaged 86 mg/L, while effluent residual concentrations averaged 27
mg/L. Bioreactor influent phosphorus concentrations averaged 0.68 mg/L, while effluent residual phosphorus
concentrations averaged 0.46 mg/L.

The ORP value in the effluent averaged -298 mV. The influent and effluent DO, as measured with the hand-
held DO probe inside the bioreactor, averaged 0.45 and 0.09 mg/L, respectively. The pH increase across the
reactor averaged 0.58 pH unit. The average temperature change across the reactor was negligible.

With complete perchlorate and nitrate destruction established regularly, particular attention was now paid to
how the biomass would affect chlorinated VOCs (e.g., TCE, 1,1 -DCE) traveling through the bioreactor. It was
unsure how VOCs would be destroyed and whether or not highly toxic VOCs such as vinyl chloride would be
generated as a result of interaction with the biomass. No detectable concentrations (at a detection limit of 0.1
ug/L) of vinyl chloride were present in any effluent sample collected over this time period. Chlorinated VOCs
were regularly reduced to varying degrees by either adsorption to the carbon, biomass activity, or a
combination of the two. At this point in time, the reason for reduced VOC concentrations across the bioreactor
was unknown.

The successful run with 17 percent recirculating water was cut short when a storm caused a major power
outage at the site on February 7, 1998. The unit remained completely shut down until power was restored to
site on February 10, 1998.

Once power was restored to the site, the system was started up again, and the recirculating water was gradually
decreased from 50 to 17 percent. For the next month the system was operated with recirculating water at 17
percent. The majority of samples were collected per the modified Week 1 and Week 2 profile sample schedules
(six sets of profiles were collected). During the last 2 weeks of operations, testing was conducted to find the
point at which complete destruction was lost after continually reducing the ethanol addition rate. During this
testing, the Weeks 3 through 8 sample schedule listed in the work plan was used.

Within 2 days after startup, complete destruction of perchlorate and nitrate was obtained with 33 percent
recirculation. The recirculation was then decreased to 17 percent, where it remained. Within 1 day of the
change in flow rate, complete destruction was achieved with 17 percent recirculation. The unit had to be shut
down again over another weekend on February 21 and 22, 1998, due to Aerojet construction. The unit was
restarted on February 23, 1998, and samples were collected approximately 2 and 8 hours after startup.
Complete nitrate destruction was observed in both samples; however, complete perchlorate destruction was
observed only in the 2-hour sample. The 8-hour effluent sample perchlorate result rose slightly above the
detection limit to 5 ug/L.
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From February 13 through March 1, 1998, perchlorate destruction averaged 99 percent with 17 percent
recirculation. Complete perchlorate destruction was not obtained on three occasions, when the effluent
concentration rose slightly above the detection limit to 5.1 ug/L once and 5.5 (ig/L twice. The average influent
perchlorate concentration was 38 |ig/L, and the average effluent concentration was 4.4 ug/L (assuming a
concentration equal to that of the detection limit for nondetect results).

Nitrate destruction averaged 100 percent over this period of time. The average influent nitrate concentration
was 12.8 mg/L. Nitrite was nondetect, at the standard detection limit of 0.03 mg/L, in every bioreactor effluent
sample collected over this time period.

Influent ethanol concentrations averaged 83 mg/L, while effluent residual concentrations averaged 8 mg/L.
Bioreactor influent phosphorus concentrations averaged 0.63 mg/L, while effluent residual phosphorus
concentrations averaged 0.49 mg/L.

The ORP value in the effluent averaged -280 mV. The influent and effluent DO, as measured with the hand-
held DO probe inside the bioreactor, averaged 0.43 and 0.14 mg/L, respectively. The pH increase across the
reactor averaged 0.44 pH unit. The average temperature change across the reactor was negligible.

On February 25, 1998, the ethanol loading rate began to be reduced to find the point at which complete
perchlorate and nitrate destruction was incomplete. This was done in an attempt to maximize destruction while
minimizing the ethanol usage and the concentration of ethanol in the system effluent. By March 3, 1998,
perchlorate destruction was incomplete (92 percent). As the influent concentration of ethanol was decreased to
approximately 50 mg/L, perchlorate (and soon after nitrate) destruction was observed to be incomplete.
Therefore, the range of ethanol concentrations at which perchlorate and nitrate destruction is incomplete lies
between 50 to 70 mg/L. The ethanol was then increased in an attempt to re-establish complete destruction.
This attempt was aborted because the air stripper had to be brought back online to remove VOCs from the
groundwater as Aerojet's groundwater treatment system at the treatment pond was shut down. The overall
average perchlorate destruction during the ethanol testing was 85 percent, with average influent and effluent
concentrations of 39 and 9 (ig/L, respectively.

With incomplete perchlorate destruction, the ORP value in the effluent increased to an average of-185 mV.
The influent and effluent DO, as measured with the hand-held DO probe inside the bioreactor, averaged 0.40
and 0.09 mg/L, respectively. The pH increase across the reactor averaged 0.86 pH unit. The average
temperature change across the reactor was negligible.

By March 13, 1998, the effluent ORP was -228 mV with a decreasing trend toward the average ORP value of -
280 mV, observed prior to the initiation of ethanol testing. On March 13, 1998 Aerojet determined that effluent
from the bioreactor could no longer be discharged into the GET-B system since it was to be decommissioned.
The system was shut down and batch additions of ethanol and nutrients were added to maintain the
microorganism population.

On March 16, 1998 the unit was re-started on well water with the air stripper on the front (influent) end of the
bioreactor. By March 19, 1998 complete destruction of perchlorate and nitrate was obtained with 66 percent
recirculation. This was achieved at a bioreactor influent ethanol concentration of approximately 30 mg/L.

These adjustments affected the influent and effluent pH by raising them by approximately 1.3 and 0.50 pH
units, respectively. The temperatures at the influent and effluent ports increased by approximately 1.2 °C. The
effluent ORP averaged -240 mV during this period. The influent dissolved oxygen concentration increased by
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approximately 2 mg/L and the effluent dissolved oxygen was not affected.

The recirculation was decreased to 50 percent on March 25,1998 in an attempt to determine the maximum
flow rate at which complete removal of perchlorate could be sustained with the air stripper on the front end of
the bioreactor. By the next day the effluent perchlorate had increased to 56.0 ug/L and the effluent ORP
increased to -61.5 mV. This was apparently due to a lack of ethanol. The ethanol flow problem was solved on
March 30, 1998. Immediately the effluent perchlorate and nitrate concentrations were nondetect.

Bioreactor performance producing effluent free from detectable perchlorate and nitrate continued until the
recirculation was decreased to 33 percent on April 4, 1998. After a week of running at 33 percent recirculation
and not achieving perchlorate and nitrate removal, the recirculation was increased to 50 percent on April 11,
1998. The perchlorate concentration from April 4 through April 30, 1998 averaged 10.4 ug/L and the ORP
averaged approximately 150 mV, at which time almost no biomass was present on the granular activated
carbon (GAC). It was decided to cease operations and attempt to re-establish the biomass population.

On May 1, 1998 the unit was set to 100 percent recycle and batch additions of ethanol and nutrients were
made. This continued for three days. The unit was re-started on well water with the air stripper on the front
(influent) end of the bioreactor on May 4, 1998 at a recirculation of 66 percent. By May 7, 1998 both
perchlorate and nitrate concentrations were at nondetect. The complete removal of perchlorate and nitrate
continued through May 19, 1998.

The unit was set to 100 percent recycle on May 19, 1998 and TCE was added to the bioreactor by means of the
ethanol metering pump. On May 22, 1998 the TCE addition was complete. The unit was re-started on May
23, 1998 with the air stripper on the back (effluent) end of the bioreactor. It ran intermittently through June 8,
1998 due to mechanical and electrical problems.

Continuous operation of the unit re-started on June 8, 1998. By June 10 complete removal of perchlorate and
nitrate was re-established at 33 percent recirculation. This continued through June 17, 1998. On June 9, 1998
the TCE concentration was decreased from 430 ug/L to 220 ug/L across the bioreactor, a removal of 51
percent. This was probably due to flushing of excess TCE from the system and not degradation. From June 10
to June 19, 1998 the average influent bioreactor TCE concentration was 216 ug/L. The average effluent
bioreactor TCE concentration was 183 ug/L, yielding an average removal of TCE of 15 percent.

TCLP and Priority Pollutant sampling was performed on the carbon/biomass which was extracted from the
bioreactor prior to shutdown on June 19, 1998. The TCLP was performed on the carbon/biomass combined for
disposal purposes. The Priority Pollutants analyses were performed on the biomass only, which was leached
from the carbon in the laboratory. These analyses were performed to characterize the biomass to establish
disposal requirements for the Phase 2 Treatability Study. Based on Aerojet's analysis of the laboratory results,
it was determined that the carbon/biomass could be disposed of as non-hazardous.

The Phase 1 Perchlorate Treatability Study was terminated on June 23, 1998, at which time demobilization
began. First, the carbon/biomass was pumped from the bioreactor using the diaphram pump that had been used
by the carbon seperator. This continued to the following morning. Following this, the remainder of the water
from the equilization tank, air stripper sump, and carbon separator were pumped to the GET-B pond. Next, the
air stripper and trays were disassembled and pressure washed. On June 25, 1998 demobilization continued
with pressure washing of the bioreactor skid and the bioreactor. HLA subcontractors arrived onsite on June
26, 1998 to disassemble the electrical System and the plumbing. The plumbing and electrical was completely
disassembled by mid-day on June 29, 1998.
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On June 30, 1998 the bioreactor skid, the air stripper and the air scrubber were loaded onto trucks and removed
from the site. Demobilization was completed on July 1, 1998 when an Aerojet electrician made the final wire
disconnection from their panel. Aerojet disposed of the carbon/biomass was left onsite in 55 gallon drums (2
ea) and placed in a secondary containment unit and the remainder of the ethanol that was in 55 gallon drums (2
ea).
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APPENDIX D

LABORATORY ANALYTICAL DATA SUMMARY



Phase I Perchlorale Trealability Study
Laboratory Analytical Results Summarv

SAMPLING PORT
Undiluted GW(BS)

Bloreactor Influent (C)
Bioraaclor 1/4 (0)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreaclor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Btareactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Inn. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Airstrip. Inn. (A)

Air Strip, Effl. (BS-C)
Bioreaclor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Airstrip. Infl. (A)

Undiluted GW (BS)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Inn, (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioraaclor 3/4 (F)

Bioraaclor Effluent (G)
Air Strip, Inn. (A)
AirSlrip. Eff. (B)

Undiluted GW (BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Inn. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Inn, (A)

Undiluted GW(BS)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS1|

Bioreactor Influent (C)
Bioreactor Effluent (S>

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW (BS)

Bioreaclor Influent (C)
Bloreactor Effluent (G)

Atr Strip. Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip Jnfl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Slrlp. Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Intl. (A)

AS Effluent post-elhanot (BS-C)
Bioreaclor Influent (C)
Bioreaclor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Melhanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
'erchlorate (ug/l)

Perchlorate (ug/l)
Perchlorale (ug/l)
'erchlorate (ug/l)

Perchlorate (ug/l)
'erchlorate (ug/l)

Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)

Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (ms/0
Nitrile Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l) • '
Sulfale, Sulflde (mg/l)
Sulfate, Sulflde (mg/l) ' ."
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml) " ,
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/mJ)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbldily (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)
N-Nllrosodlmelhylamlne (NDMA) (ug/l)

11/5/97i«

_

_

~

_

38

<2I<0.20

100

8.5

0.1

<0.1

13.0

<0.03

13

-

absent

-

300

0

<1.0

<3

_
<10

-

11/6/97

„

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

~

-

-

11/7/97

5.1

94

61

<10

<10

^

<4

<4

-

-

-

1.60

1.60

2.70

2.80

10

11

0.19

0.21

-

-

-

-

-

-

-

.
-

210

210

-

11/8/97

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

.

_

-

-

11/9/97

3.8

32

24

<10

<10

|

<4

<4

-

-

-

1.10

1.20

0.15

<0.1

3.3

2.2

<0.03

0.13

-

-

-

-

-

-

-

_

-

81

70

-

11/10/97

3.6

17

20

<10

<10

-

<4

<4

-

-

-

1.30

1.30

0.48

0.17

<0.1

<0.1

<0.03

<0.03

-

-

-

-

-

-

-

.

-

120

72

-

11/11/97

3.5

21

24

<10

<10

-

<4

<4

-

-

-

1.30

1.20

.0.26

0.29

<0.1

<0.1

<0.03

<0.03

-

-

-

-

-

-

-

.

_

81

72

-

11/12/97

4.1

30

22

<10

<10

-

<4

<4

-

-

-

0.91

0.88

0.41

0.19

<0.1

<0.1

<0.03

<0.03

-

0

2.0

1027

-

-

-

.

_

88

79.

-

11/13/97

3.8

33

23

<10

<10

-

•=4

<4

-

-

-

14.00

13.00

0.46

0.21
15
12

0.63

,<0.1
<0.03
<0.03

<0.03

<0.03

-

absent

present

2783

-

-

-

_
-

86

97

-

11/14/97

4.0

<10

<10

<10

<10

-

<4

<4

-

-

-

2.30

2.30

9.60

8.90

11

10

<0.03

0.03

-

0

1.0

3630

-

-

-

.

_

11

11

-

11/15/97

3.8

<10

<10

<10

<10

-

<4

<4

-

-

-

2.40

2.70

4.10

3.60

8.4

7.5

<0.03

O.03

-

-

-

-

-

-

-

"

_

<10

<10

-

11/15/97
Even.

_

-

'

-

-

-

-

-

-

-

1.8

2.6

<0.03

<0.03

-

-

-

-

-

-

-

~

•

-

-

11/16/97

3.9

<10

<10

-

-

<4

<4

-

-

-

8.40

6.70

15.00

2.20

<0.1

0.46

<0.03

<0.03

-

0

present

8730

-

-

-

"

~

29

11

-

11/16/97
Even. '

_

-

-

•

-

-

-

-

-

-

2.1

0.48

<0.03

<0.03

-

I .'

• ;i
-

-

-

-
-

.-

-

-

11/17/97

4.0

<10

<10

<10

<10

-

<4

<4

-

-

-

3.60

3.50

2.50

3.70

4.3

3.3

<0.03

<0.03

-

' 0

present

9970

-

-

-

.

•_

<10

<10

-

11/17/97
Even.

_

-

-

-

-

-

-

-

-

-

2.0

2.6

<0.03

<0.03

-

-

-

-

-

-

-

"

_

-

-

11/18/97

4.3

30
33

21

<10

<10

-

<4

<4

-

-

-

0.94

1.1

<0.1

<0.1

0.22

<0.1

<0,03

<0.03

-

0

3.1

2739

-

-

-

.

;

<10

<10

-

ug/l - microgram par liter, mg/l = milligram per liter
GW = groundwater, VOC = volatile organic compound
Ba » Barium, V « Vanadium, Zn = Zinc, Mg » Magnesium
Na = Sodium, K » Potassium
MPN/mlK most probable number per milliliter
CFU/ml» colony forming units per milliliter
NTU = nephalometric turbidity units
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Phase I Perchlorate Treatabilily Study
Laboratory AnaMical Results Summarv

SAMPLING PORT
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor EffluentJG)
UndilutadGW(BS)

BIOTBBClor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreaclor 3/4 (F)

Bioroactor Effluent (G)
Undiluted GW(BS)

Bloreaclor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Btoreactor Effluent (G)
Air Strip. Infl, (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bloreactor 1/4 (O)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Air Strip, Effl. (BS-C)
Bloreactor Influent (C)

Bioroactor 1/4 (0)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bbretctor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreaclor Influent (C)
Bloreactor Effluent (G)

Air Strip Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3M (F)

Bioreactor Effluent (G)
Air Strip, Infl, (A)

Undiluted GW (BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloraactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl. (A)

UndiluUdGW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Inn. (A)
Air Strip. Elf, (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bloreactor 1/4 (0)
Bloreactor 1/2 (E)
Btoreactor 3/4 (F)

Bioreaclor Effluent (G)
Air SWp Inf), (A)
Air Strip, Eff, (B)

Undiluted GW (BS)
Bioreactor Influent (C)

Btoreactor 1/4 (0)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bloreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip, Infl, (A)
Undiluted GW (BS1.

Bioreactor Influent (C)'
Bloreactor Effluent (A>-

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloraactor Influent (C)
Bloreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreaclor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bloreaclor Influent (C)
Bloreactor Effluent (G)

Air Strip, Infl, (A)
Undiluted GW(BS)

Btoreactor Influent (C)
Bioroactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bloreaclor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Infl, (A)

AS Effluent posl-ethanol (BS-C)
Bioreactor Influent (C)
Bloreaclor Effluent (G)

DATE SAMPLED

INFLUENT GWFLOWRATE (GPM)
ANALVTES

Icohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols. Ethanol (mg/l)
Icohols, Ethanol (mg/l)

Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mo/I)
Alcohols, Melhanol (mg/l)
Alcohols, Melhanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
aopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorals (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorito (mg/l)
Chlorate, Chlprlle (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
ChlornH. Chtorll* (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
'otal Phosphorus (mg/l)

Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nilrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Jitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
•lib-ate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nilrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nilrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulfide (mg/l)
Sulfale. Sulfldo (mg/l)
Sulfate, Sulfide (mg/l)
Sulfale, Sulfldo (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/IOOml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Totel Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTUL
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg'l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimelhylamlne (NOMA) (ug/l)
N-Nltrosodlmethylamlne (NOMA) (ug/l)
N-Nltrosodimethylamlne (NOMA) (ug/l)
N-Nitrosodlmethylamlne (NDMA) (ug/l)

11/18/97
Even, t

\

„

-

-

-

-

-

-

-

<0.1

<0.1

<0.03

<0,03

-

-

-

-

-

-

-

-

-

-

11/19/97

4.4

180
120

36
<10
23

<10

-

<4

<4

-

-

-

3.1

3.7

0.63

0.47

1.3

•=0.1

<0.03

<0.03

-

absent

present

7300

-

-

-

-

140

140

-

11/19/97
Even.

_

-"

-

-

-

-

-

-

-

-

0.97

<0.1

<0.03

O.03

-

-

-

-

-

-

-

-

-

11/20/97

10.1

200
130

180
<10
<10

<10

-

<4

<4

-

-

,_n ,

1.3

1.3

0.26

0.12

9.2
0.75

<0.1

<0.03
<0.03

<0.03

-

0

8.7

5382

-

-

-

- -

200

190

-

11/21/97

9.8

94
23

<10
<10
<10

<10

-

7.6

<A

-

-

-

0.33

0.27

0.19

0.10

12
4.5

2.8

<0.03
0.13

<0.03

-

0

1.0

2371

-

-

-

-

53

51

-

11/22/97

_

-

~

-

-

-

-

-

-

-.

-

-

-

-

-

-

-

-

-

-

-

11/23/97

.

-

-

„

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-----

-

-

11/24/97

10.9

46
34

<10
<10
<10

<10

-

8.1

<4

-

-

-

0.41

0.37

<0.1

<0.1

11
8.9

7.8

<0.03
0.10

0.08

-

0

2.0

2373

-

-

-

--

55

<10

-

11/25/97

10.6

51
59

<10
<10
<10

<10

•

11

6.2

-

-

-

0.46

0.38

<0.1

<0.1

12
9.4

7.9

•=0.03
0.25

0.34

-

0

9.9

1816

-

-

-

- -

53

•=10

-

11/26/97

15.2

120
110

68
<10
<10

<10

-

9

<4

-

-

-

0.48

0.36

0.10

<0.1

12
5.30

<0.1

<0.03
0.07

<0.03

-

0

2.0

1375

-

-

-

-

160

130

-

11/27/97

.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

11/28/97

20.1

<10
<10

<10
<10
<10

<10

-

<4

<4

-

-

-

0.46

0.77

0.77

1,00

12
8.90

6.70

<0.03
0.33

0.58

-

-

-

-

-

-

-

-

11

14

-

11/29/97

-

-

!
-

-

-

-

-

-

-

-

-

-
-

-
-

-

-

-

-

-

11/30/97

20.2

440
460

370
<10
12

17

-

<4

<4

-

-

-

0.65

0.48

0.13

0.15

15
<0.1

<0 1

<0.03
<0.03

<0,03

-

1 .'

• ;i
>200.5

5381

-

-

-

600

590

-

12/1/97

20.7

220
120

120
<10
<10

<10

•

99

<4

-

-

014

0,10

0.11

<0.1

11
5.9

O.1

<0,03
<0.03

<0.03

-

' 0

1.0

2372

-

-

-

-

270

260

-

12/2/97

19.6

140
140

100
<10
<10

<MO

-

14

<4

-

-

020

0.10

032

0,21

11
6,6

<01

<003
0.08

<0,03

-

0

2,0

2164

-

-

-

-

410

410

-

12/3/97

-

-

-

•

-

-•

-

-

-

-

•

-

-

-

-

-

•

-

-

jg/l« microgram per liter, mg/l» milligram per liter
3W * aroundwater, VOC « volatile organic compound
3a M Barium, V * Vanadium, Zn = Zinc, Mg * Magnesium
\ja » Sodium, K » Potassium
MPN/ml - most probable number per milliliter
3FU/ml = colony forming units per milllliler
NTU « nephelomelrlc turbidity units
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Phase I Perchlorate Treatability Study
Laboratorv Analytical Results Summarv

SAMPLING PORT
Undiluted GW(BS)

Bbraactor Influent (C)
Bioroaclor 1/4 (0)
Bioreactor 1/2 (E)
Btoreador3M(F)

Bioreaclor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloraaolor 1/4 (D)
Bloraactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Air Strip. Effl. (BS-C)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bbreaclor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Airstrip. Eff.(B)

Undiluted GW (BS)
Bioreaclor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Airstrip, Infl. (A)
AirStrlp, Eff.(B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Slrip, Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Slrip. Infl. (A)
Undiluted GW(BSji.

Bioreactor Influent (C)'
Bioreaclor Effluent ((4)~

Airstrip. Infl, (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor Effluent (G)

Air Slrip. Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Slrip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreaclor ln_nuenl_£C}
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Slrip. Infl, (A)

AS Effluent post-elhanol (BS-C)
Bioreactor Influent (C)
Bioreaclor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorale (ug/l)

Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCC-3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCC-3 (mg/l)
Alkalinity as CaCO3 (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)

Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfale, Sulfido (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfido (mg/l)
Sulfate, Sulfide (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal ColiformJMPN/IOOml)
Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
TurbidityJNTU)
Biochemical Oxygen Demand (mg/l)' • "
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
3lcchamical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygan Demand (mg/l)
Chemical Oxygan Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimelhylamine (NDMA) (ug/l)
N-Nitrosodlmethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
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_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

12/5/97

20.5

130
110

100
•=10
<10

_

50
55

36.0

-

-

-

0.17

0.10

0.31

0.4S

11
8.2

7.1

<0.03
0.15

0.5

-

i. -

^ o

2.0

1306

-

-

-

-

130

110

-

12/6/97

20.0

110
110

78
<10
<10

-

49
44

<20

-

-

-

0.54

0.69

0.28

0.28

10
9.8

5.7

<0.03
O.03

O.03

-

-

-

-

-

-

-

-

110

87

-

12/7/97

_

-

~

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

12/8/97

.

_

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -- _.

-

-

12/9/97

5.0

190
200

190
<10
<10

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

12/10/97

.

-

i
-

-
-
-
-

-

-

-

-
-
-
-
-
-
-
-
-
-
-

12/11/97

29.9

87

37

-

-

41

27

-

-

-

<0.05

<0.05

0.14

0.82

11

7.9 '

0.04

0.53

-

0

1.0

760

-

-

-

-- -

100

98

-

12/12/97

29.9

84

50

-

-

39

34

-

-

-

0.46

0.37

<0.1

0.11

14

9.5

<0.03

0.33

-

0

1.0

320

-

-

-

- - - - ——

120

98

-

12/13/97

29.4

48

<10

!
-

40

40

-

-

-

0.28

0.15

<0.1

<0.1

0.21

2

0.051

1.6

-

-

-

-

-

-

-

-

110

69

-

12/14/97

29.6

50

<10

-

-

40

29

-

-

-

0.27

0.17

<0.1

<0.1

13

<0.1

<0.03

0.034

-

0

0.0

1237

-

-

-

-

91

52

-

12/15/97

29.0

78

12

~

-

36

24

-

-

-

0.26

0.15

<0.1

<0.1

13

0.64

<0.03

0.18

-

1

1.0

1118

-

-

-

-

100

52

-

12/16/97

29.4

82.0
44.0

<5
6.0
<S
<S

<S
<5

-

42.0
29.0

28.0
25.0

0.074/<0.02
0.054/<0.02

<0.02M>.02
<0.02/<0.02

100.0
150.0

6.6
6.1

6.3
6.3

0.25

0.13

0.20
<0.1

<0.1
<0.1

11.00
8.40

<0.1
0.55

<0.03
0.44

<0.03
0.17

15.0
17.0

0
0

0.0
1.0

373
571

260.0
260.0

<5
<5

2.3
2.5

67,0
8.0

110.0
94.0

49.0
52.0

-

*1 2/1 7/97

30.0

84.0
32.0
8.5
8.5
7.2
<5
<5

<5

-

34.0
31.0
<4

27.0
26.0

0.078/<0.02
0.04B/<0.02
<0.02/<0.02
0.04/<0.02
0.043/<0.02

-

5.9
5.7
5.9
5.8
5.7

0.25

0.15

<0.1
<0.1
<0.1
<0.1
<0.1

10.00
<0.1
<0.1
<0.1
<0.1

0.12
<0.03
<0.03
<0.03
<0.03

-

I -'

• :i

0.0

1012

-

-

-

-

87.0
80.0
96.0
54.0
56,0

-

12/18/97

29.4

65.0
24.0
<5

20.0
<5

<5
<S
<5
<5
<5

-

35.0
31.0
<4

25.0
28.0

<0.076/<0.02
0.031/<0.02
O.M«<0.02
<0.02/<0.02
<0.02/<0.02

-

6.8
6.8
6.9
6.8
6.8

0.41

0,27

<0.1
0.10
0.17
<0.1
<0.1

11.00
4.60
<0.1
2.30
2.40

<0.03
0.12
<0.03
0.23
0.26

-

0

1.0

2784

-

-

-

-

110.0
69.0
120.0
65.0
74.0

-

12/19/97

28.3

<5

30.0

<5

<5

;
34,0

30.0

0,074/<0.02

<0.02/<0.02

100.0
140.0

6.9

6.9

0.47

0.27

<0.1

<0.1

8.90

<0.1

<0.03

<0.03

12/<1.0
16/<1.0

0
0

0.0
1.0-

1862
11440

300.0
260.0

<5
<5

2.0
2.3

4.3
4.8

<10

56.0

-

12/20/97

28.6

110.0

73.0

:
-

34.0

30.0

-

-

-

0.43

0.31

<0.1

<0.1

10.00

3.90

<0.03

0.28

-

-

-

-

-

-

-

-

200.0

120.0

-

ug/l - microgram per liter, mg/l = milligram per liter
GW « groundwater, VOC - volatile organic compound
Ba « Barium. V = Vanadium, Zn = Zinc, Mg = Magnesium
Na * Sodium, K - Potassium
MPN/ml = most probable number per millititer
CFU/ml = colony forming units per milliliter
NTU = nephelomelrlc turbidity units
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Phase I Perchlorate Treatability Study
Laboratory Analvlical Results Summary

SAMPLING PORT
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor 1/4 (0)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Airstrip. Inn. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Air Strip. Effl. (BS-C)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Airstrip, Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Slrip, Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
AlrSlrip. Infl, (A)
Airstrip. Eff.(B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Slrip. Infl. (A)
Airstrip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl, (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS).

Bioreactor Influent (cj '
Bioreaclor Effluent (C9>.

AlrStrlp. Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor EffluentJG)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

AS Effluent post-elhanol (BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanojjmg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
'erchlorale (ug/l)

Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorila (mg/l)
Alkalinity as CaC03 (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaC03 (mg/l) '•• •
Alkalinity as CaC03 (mg/l)
Chloride (mg/l) • •
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Mitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulfide (mg/l)
Sulfale, Sulfide (mg/l)
Sulfate, Sulfide (mg/l)
Sulfale. Sulfide (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Conform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml) '
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbldily (NTU)
Turbidity (NTU)
Turbldily (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen, Demand (mg/l)
Chemical Oxygen Demand (mg'l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodlmethylamlne (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)
N-Nitrosodlmelhylamlne (NDMA) (ug/l)
N-Nitrosodimelhylamlne (NDMA) (ug/l)

12/21/9?

28.9

75.0

34.0

11.0

11.0

-

35.0

26.0

-

-

-

0.34

0.21

<0.1

<0.1

8.80

2.00

0.033

0.39

-

0

3.1

981

-

-

-

-

140.0

110.0

-

12/22/97

29.0

82.0

47.0

12.0

11.0

-

38.0

26.0

-

-

-

0.27

0.17

<0.1

<0.1

10.00

4.70

-

-

f' :
» o

0.0

1320

-

-

-

-

150.0

120.0

-

12/23/97

29.1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

' -

-

-

- .

-

-

12/24/97

25.1

64.0
57.0

27.0
<5
<5

<5

-

34.0
35.0

25.0

-

-

-

0.13
0.40

0.30

<0.1

<0.1

13.00
9.50

3.90

<0.03
0,12

0.76

-

0

3.1

12480

-

-

-

-

100.0

63.0

-

12/25/97

_

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

12/26/97

24.0

59.0

27.0

-

-

28.0

-

-

-

-

-

3.30

1.60

-

-

-

-

-

-

-

- - -

-

-

12/27/97

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- - - - -

-

-

12/28/97

20.0

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

12/29/97

20.1

88.0

55.0

<5

<5

-

35.0

23.0

0.051/<0.02

-

-

0.18

0.13

<0.1

<0.1

12.00

3.70

0.27

0.76

-

0

5.3

1780

-

-

-

-

130.0

110.0

-

12/30/97

20.6

•

•

;
-

-

-

-

-

-

-

-

-
-
-

-
-
-

-
- -
-

-

12/31/97

20.3

61.0

28.0

<5

<5

_

31.0

19.0

-

-

-

0.16

0.09

<0.1

<0.1

13.00

2.40

0.35

1.00

-

-

0.0

1280

-

-

-

-

98.0

-

1/1/98

_

•

_

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

1/2/38

19.5

61.0

44.0

<5

<5

-

34.0

23.0

-

-

-

0,31

0.16

0.27

0.11

9.70

1.70

0.27

0.87

-

-

0.0

1083

-

-

-

-

170.0

110.0

-

" 1/3V98

20.7

-

-

-

-

-

-

-

-

-

-

-

-

r

-
-

-
-

-

-

-

, -

1/4/98

_

-

-

-

-

-

• -

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1/5/98

19.5

67.0

42.0

<5

<5

-

39.0

26.0

-

-

-

0.27

0,13

0,19

<0,1

10.00

1.50

0.12

0.29

-

0

109.1

1532

-

-

-

-

130.0

110.0

-

1/8/98

20.0

-

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ig/l» microgram per liter, mg/l = milligram per liter
5W » groundwater, VOC * volatile organic compound
la « Barium, V = Vanadium, Zn * Zinc, Mg « Magnesium
la = Sodium, K * Potassium
vIPN/ml = most probable number per milliliter
!FU/ml = colony forming units per milliliter
\ITU = nephelometric turbidity units
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Phase I Perchlorale Trealabilily Study
Laboratory Analytical Results Summary

SAMPLING PORT
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(8S)

Bioreactor Influent (C)
Bioredctor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreaclor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioraactor 3/4 (F)

Bioraactor Effluent (G)
Air Strip. Infl. (A)

Air Strip. Effl. (BS-C)
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip, Eff. (B)

Undiluted GW(BS)
Bloreactor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Infl. (A)
Airstrip. Eff. (B)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)
Bioreactor Effluent (G)

AlrStrlp. Infl. (A)
Undiluted GW (BSl.

Bioreactor Influent (C)'
Bioreactor Effluent («f-

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
UndilutadGW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl. (A)

AS Effluent post-elhanol (BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l _ .
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Porchlorale (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogenjmg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nilrosodlmethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimelhylamine (NDMA) (ug/l)

1/7/98rf

20.8 l

220.0
220.0

200.0
11.0
11.0

10.0

-

37.0
31.0

20.0

-

-

-

0.12
0.27

0.14

0.29

0.12

13.00
11.00

0.90

<0.03
0.12

0.28

-

o-

12.4

1101

-

-

-

-

380.0

350.0

-

1/8/98

20.1

-

_

-

-

-

-

-

-

-

-

-

-

^ -

-

-

-

-

-

-

-

-

1/9/98

20.0

260.0
180.0

200.0
15.0
12.0

16.0

-

36.0
38.0

14.0

-

-

-

0.10
0.09

0.05

<0.1

<0.1

14.00
11.00

2.50

<0.1
0.25

0.66

-

-

0.0

6500

-

-

-

-

430.0

430.0

-

1/10/98

20.0

300.0
240.0

210.0
10.0
12.0

9.5

•

38.0
35.0

18.0

-

-

-

0.11
0.08

0.08

0.12

0.10

15.00
9.70

<0.1

<0.03
0.18

0.52

-

-

-

-

-

-

-

-_

230.0

220.0

-

1/11/98

19.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•

, -

1/12/98

19.2

260.0
270.0

310.0
17.0
13.0

8.9

-

36.0
28.0

21.0

-

-

-

0.12
0.12

0.08

0.21

<0.1

15.00
12.00

2.20

<0.03
0.20

0.52

-

-

0.0

353

-

-

-

- _

360.0

200.0

-

1/13/98

19.5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

._ - . .

-

-

1/14/98

19.2

180.0
210.0

190.0
5.4
5.9

5.8

-

42.0
36.0

25.0

-

-

-

0.12
0.60

0.25

0.99

0.13

14.00
14.00

1.80

<0.03
0.19

0.56

-

0

1.0

2123

-

-

-

- - .

370.0

330.0

-

1/15/98

19.8

240.0
240.0

190.0
5.1
5.8

6.1

-

36.0
37.0

19.0

-

-

-

0.10
0.48

0.27

0.56

0.19

17.00
12.00

2.40

•=0.03
0.17

0.51

-

0

8.7

4319

-

-

-

-

430.0

400.0

-

1/16/98

20.0

280.0
220.0

180.0

5.2

-

37.0
33.0

20.0

-

-

-

0.12
0.22

0.41

0.56

0.13

17.00
12.00

2.30

<0.03
0.22

0.59

-

-

0.0

5723

-

-

-

-

370.0

430.0

-

1/17/98

_

;
-

-

-

-

-

-

-

-

-

-

-
-

-
-

-

-

-
-

-

-

1/18/98

20.1

170.0
140.0

130.0
<5
5.8

6.4

-

40.0
<4

21.0

-

-

-

0.10
0.97

2.30

0.72

0.73

17.00
<0.1

<0.1

<0.03
<0.03

<0.03

-

0

>200.5

6786

-

-

-

-

360.0

390.0

-

1/19/98

19.5

220.0
260.0

200.0

5.6

-

43.0
30.0

31.0

-

-

-

0.08
0.93

0.71

0.82

0.96

17.00
13.00

4.70

<0.03
0.23

0.76

-

0

1.0

6786

-

-

-

-

440.0

450.0

-

•f/20/98

19.5

260.0
230.0

220.0
5.8
5.3

5.3

-

44.0
29.0

31.0

-

-

-

0.10
0.56

0.38

0.58

0.77

18.00
14.00

6.50

<0.03
0.41

0.99

-

L '

ii i

1.0

5100

-

-

-

-

450.0

450.0

-

1/21/98

20.0

200.0
230.0

220.0
<5
5.7

5.3-

'

40.0
38.0

33.0

-

-

-

0.10
0.50

0.43

0.60

0.79

15.00
12.00

6.50

<0.03
0.39

1.10

-

6

49.2

60

-

-

-

-

450.0

420.0

-

1/22/98

.

-

-

!
-

-

-

-

-

-

-

-

-

-
-

-

-

-

-
-

-

-

1/23/98

20.6

150.0
110.0

75.0
<5
<5

<5

-

53.0
28.0

22.0

-

-

-

0.11
0.61

0.48

0.53

0.51

17.00
11.00

0.92

<0.03
0.14

0.37

-

0

' 2.0

5700

-

-

-

—— .

230.0

190.0

-

1/24/98

20.2

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

ug/l = microgram per liter, mg/l = milligram per liter
GW « groundwater, VOC = volatile organic compound
Ba s Barium, V B Vanadium, Zn s Zinc, Mg - Magnesium
Na = Sodium, K » Potassium
MPN/ml« most probable number per milliliter.
CFU/ml * colony forming units per milliliter
NTU - nephelometric turbidity units
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:abilily Study
Laboratory Analvlical Results Summary

SAMPLING PORT
Undiluted GW(BS)

Bioreaclor Influent (C)
B!oreactor1/4(D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioroactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Btoraactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (0)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Intl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, inn. (A)

Air Strip. Effl. (BS-C)
Bioreaclor Influent (C)

Bioreaclor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip, Inn. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bioreactor Influont (C)

Bioreaclor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW (BS)
Bioreactor Innuent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Inn. (A)
Air Strip, Eff. (B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)
Air Strip, Eff. (B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bioreactor Innuent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS1

Bioreactor Influent (C)
Bioreactor Effluent (C)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreactor Innuent (C)
Bioreaclor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Airstrip. Inn. (A)
Undiluted GW(BS)

Bioreactor Innuent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Airstrip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

AirSlrip, Inn. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioroactor Effluent (G)
Air Strip. Inn. (A)

AS Effluent posl-elhanol (BS-C)
Bioreaclor Innuent (C)
Bioreaclor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOW/RATE (GPM)
ANALYTES

Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
'erchlorate (ug/l)

Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorito (mg/l)
Chlorate, Chlorite (mg/l)
Chlorals, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
•Jitrale Nitrogen (mg/l)
•Jitrale Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfale, Sulfide (mg/l)
Sulfale, Sulflde (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfido (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform <MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidily(NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodlmethylamlne (NDMA) (ug/l)
N-Nllrosodimethylamine (NDMA) (ug/l)
N-Nilrosodimelhylamine (NDMA) (ug/l)
N-Nitrosodimelhylamine (NDMA) (ug/l)

1/25/98*

19.8 '

100.0
110.0

84.0
<5
<5

<S

•

48.0
36.0

<4

-

-

-

0.10
0.47

0.37

0.59

0.82

18.00
10.00

<0.1

<0.03
<0.03

<0.03

-

-

-

-

-

-

-

-

300.0

270.0

-

1/26/98

'20.0

120.0
100.0

81.0
<5
<5

<5

_

52.0
21.0

<4

-

-

-

0.09
0.49

0.42

0.80

1.10

17.00
11.00

<0.1

<0,03
0.05

<0.03

-

0

34.4

6923

-

-

-

-

330.0

290.0

-

1/27/98

20.0

120.0
120.0

120.0
<5
<S

<5

_

54.0
27.0

<4

-

-

-

0.10
0.59

0.46

0.98

1.40

22.00
11.00

<0.1

<0.03
0.12

0.10

-

-

0.0

3713

-

-

-

-

320.0

280.0

-

1/28/98

25.0

100.0
110.0

55.0
<S
<5

<5

-

51.0
33.0

<4

-

-

-

0.10
0.78

0.54

0.73

0.70

17.00
15.00

<0.1

<0.03
0.04

<0.03

-

0

42.9

3113

-

-

-

-

300.0

250.0

-

1/29/98

25.0

110.0
98.0
68.0
37.0
50.0
53.0
<5
<5

<5

-

36.0
<4
<4
<4
<4
<4

-

100.0
110.0
150.0

9.5
8.5
8.0
7.3
7.5
8.5

0.11
0.62

0.43

<0.1
0.59
0.58
0.52
0.55
0.57

17.00
14.00
0.66
1.40
<0.1
<0.1

O.03
<0.03
0.32
<0.03
<0.03
<0.03

16 /<1
16 /<1
15 /<1

0
0

0.0

6.4
13.7
373

6011
7321

300,0
300.0
280.0

<5
9.0

12.0 __,

10.0
1.5
10.0

48.0
53.0
48.0

270.0
300.0
390.0
250.0
230.0
240.0

-

1/30/98

25.5

83.0
71.0

30.0
<5
<5

<5

-

25.0
18.0

<4

-

-

-

0.09
0.84

0.60

0.78

0.55

22.00
14.00

<0.1

<0.03
<0.03

O.03

-

-

>200.5

952

-

-

-

-

200.0

170.0

-

1/31/98

25.8

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/1/98

25.9

100.0

20.0
<5
<5

<5

•

20.0
<4
<4
<4
<4

-

-

-

0.75

0.53

0.66

0.54

16.00
<0.1
<0.1
<0.1
<0.1

O.03
<0.03
<0.03
<0.03
<0.03

-

0

>200.5

637

-

-

-

-

240.0

190.0

-

2/2/98

25.0

99.0
95.0

18.0
<5
<S

<5

-

57.0
29.0
<4
<4
<4
<4

-

-

-

0.09
0.53

0.34

0.51

0.29

18.00
15.00
<0.1

<0.1
<0.1

<0.03
<0.03
<0.03
<0.03
<0.03
<0.03

-

0

>200.5

5311

-

-

-

-

280.0

160.0

-

2/3/98

24.2

120.0
97.0

23.0
<5
<5

<5

-

35.0
35.0
<4
<4
<4
<4

-

-

-

0.10
0.57

0.35

0.59

0.44

17.00
14.00
2.60
<0.1
<0.1
<0.1

<0.03
<0.03
0.61
<0.03
<0.03
<0.03

-

0

>200.5

7321

-

-

-

-

350.0

300.0

-

2/4/98

26.4

110.0
76.0
36.0
7.4
19.0
14.0
<5
<5
<5
<5
<5
<5

-

28.0
27.0
13.0
<4
<4
<4

<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02

110.0
120.0
150.0

9.0
7.5
7.0
9.5
9.3
10.0

0.12
0.79

0.55

0.16
0.72
0.62
0.60
0.59
0.73

18.00
13.00
0.41
<0.1
<0.1
<0.1

<0.03
<0.03
0.36
<0.03
•=0.03
<0.03

16/<1
15/<1
11/<1

0

0

0.0
88.5

>200.5

674
4721
3511

310.0
290.0
260.0

<5
<5

11.0

2.0
4.5
18.0

96.0
63.0
43.0 :

160.0
130.0
130.0
140.0
120.0
230.0

74
75
75

2/5/98

25.1

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/6/98 '

24.9

92.0
40.0
<5
<5
<5
<5
<5
<5
<5
<S
<5
<5

•

38.0
41.0
17.0
<4
<4
<4

0.067/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/-=0.02

100.0
120.0
150.0

8.5
5.0
8.2
7.2
8.0
7.2

0.10
0.52

0.34

<0.1
0.62
0.73
0.61
0.64
0.75

19.00
14.00
2.60
<0.1
<0.1
<0,1

<0.03
<0.03
0.51
<0.03
<0.03
<0.03

17M
15/<1
11/<1

- 1
0
0 '

0.0
109.4
25.4

590
509
18

290.0
280.0
260.0

<5
<5
6.0

<1
1.8
13.0

87.0
54.0
54.0

160.0
140.0
72.0
65.0
74.0
65.0

76
69
74

2/7/98

24.5

-

-

~

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/8/98

0.0

-

.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/9/98

0.0

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/10/98

0.0

-

,

•

-

-

-

;
-

-

-

-
-
-

-
-
-

-
-

-

-
ug/l = microgram per liter, mg/l = milligram per liter
GW » groundwaler, VOC « volatile organic compound
Ba = Barium, V = Vanadium, Zn * Zinc, Mg = Magnesium
Na = Sodium, K = Potassium
MPN/ml = most probable number per mllliliter
CFU/ml - colony forming units per milliliter
NTU « nephelometric turbidity units
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Brchtora
Labaratorv Analytical Results Summary

SAMPLING PORT
Undiluted GW(BS)

Bloreactor Influant (C)
Bloreactor 1/4 (0)
Bforeactor 1/2 (E)
Bioreador 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreaclor 1/4 (D)
Bloreactor 1/2 (E)
Bloreador 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreador 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bforeactor 1/4 {DJ
Bioreactor 1/2 (E)
Bforeactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Air Strip, Effl. (BS-C)
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bforeaclor 1/2 (E)
Bioreactor 3/4 (F)

Bforeactor Effluent (G)
Air Strip. Inn. (A)

Undiluted GW (BS)
Bloreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW (BS)

Bioreactor Influont (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bforeactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bloreador 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bforeactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Btoreador3M(F)

Bforeactor Effluent (G)
Airstrip. Inn. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bforeactor Influent (C)

Btoreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreador Influent (C)
Bloreador Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(B§1

Bforeactor Influant (C)
Bforeactor Effluent («)

Airstrip. Inn. (A)
Undiluted GW (BS)

Bforeactor Influent (C)
Btoreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Inn. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bioreador Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreactor Innuent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bforeactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bioreador 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreador Effluent (G)
Air Strip. Infl. (A)

AS Effluent post-ethanol (BS-C)
Bloreactor Influent (C)
Bioreador Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorale (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfida (mg/l)
Sulfate, Sulfide (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l) -
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamina (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)
N-Nilrosodlmethylamine (NDMA) (ug/l)

2/1 1/98*
14.0 v

120.0

<5

-

-

-

-

-

-

-

-

•

-

•

-

-

-

-

-

-

-

-

2/12/98

'25.0

120.0
86.0

24.0
<5
<5

<5

-

39.0
30.0

<4

-

-

-

0.10
0.62

0.40

0.93

1.00

13.00
8.00

<0.1

<0.03
0.14

<0.03

-

-

>200.5

3720

-

-

-

-

130.0

100.0

-

2/13/98

25.1

87.0
85.0

19.0
<5
<5

<S

^

27.0
29.0

<4

-

-

-

0.11
0.17

0.62

0.92

1.10

13.00
11.00

<0.1

<0.03
<0.03

O.03

-

-

>200.5

1375

-

-

-

-

• 120.0

65.0

-

2/14/98

_

i
_

-

-

-

-
-

-

-

-
-

-
-
-
-
-
-
-
-
-

-

2/15/98

25.2

130.0
96.0

13.0
<5
<5

<5

-

36.0
30.0
<4
<4
<4
<4

-

-

-

0.09
0.39
0.19
1.00
0.19
0.21

0.39

0.16

14.00
13.00
<0.1
<0.1
<0.1
•=0.1

<0.03
<0.03
<0.03
<0.03
<0.03
<0.03

-

-

-

-

-

-

-

-

140.0

80.0

-

2/16/98

_

-

,

i
-
-
-
-

-
-

-

-
-
-
-
-
-
-
-
-
-
-

2/17/98

25.2

96.0
100.0
40.0
<5
<5
6.2
<5
<S
<5
<5
<5
<S

-

41.0
41.0
12.0
<4
<4
5.1

0.061 1/<0.02
0.0523/O.02
<0.02/«0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02

100.0
110.0
150.0

8.2
8.0
7.3
16.0
8.5

10.0

0.10
1.00

0.85

<0.1
1.30
4.80
8.90
8.50
7.90

14.00
12.00
0.25
<0.1
O.1
<0.1

<0.03
<0.03
O.03
<0.03
<0.03
O.03

16/<1.0
16/<1.0
18/<1.0

0

>200.5
>200.5

0.0

2279
2311
1721

270.0
280.0
280.0

<5
<5
6.7

<1
3.5

25.0

100.0
86.0
120.0-

170.0
150.0
93.0
93.0
82.0
84.0

81
74
75

2/18/98

25.6

96.0
82.0
37.0
<5
<5
7.6
<5
<5
<S
<5
<5
<S

\
38.0
33.0
13.0
<4
5.6
<4

0.0625/<0.02
0.0545/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02

100.0
100.0
150.0

9.5
7.5
8.0
9.3
7.7
7.3

0.11
1.60

1.10

<0.1
0.94
2.80
6.40
4.30
4.70

12.00
11.00
0.70
<0.1
<0.1
<0.1

<0.03
«0.03
0.03
<0.03
<0.03
<0.03

16/<1
15/<1
1SKI

-

0.0
>200.5
>200.5

-

300.0
290.0
250.0

<S
<5
<5

<1
3.0

21.0

81.0
83.0
32.0

130.0
120.0
63.0
65.0
52.0
61.0

74
71
73

2/19/98

25.1

110.0
84.0

10.0
<5
<5

<5

-

48.0
47.0

5.5

-

-

0.42
0.87

0.59

0.75

0.76

14.00
13.00

<0.1

<0.03
<0.03

<0.03

-

-

>200.5

868

-

- -

-

-

150.0

82.0

-

2/20/98

'25.5

93.0
84.0
25.0
5.1
<5
<5
<5
<5
<5
<5
<5
<5

•

43.0
36.0
13.0
<4
6.6
<4

0.061 1/<0.02
0.0534/<0.02
<0.02/<0.02
<0,02/<0.02
<0.02/<0.02
<0.02/<0.02

100.0
120.0
160.0

11.0
8.2
8.0
15.0
7.0
9.0

0.14
0.36

0.20

<0.1
0.40
0.19
0.23
0.23
0.22

13.00
11.00
<0.1
<0.1 '
<0.1
<0.1

«0.03
<0.03
<0.03
<0.03
<0.03
<0.03

16/<1
15/<1
14/<1

0
ND

0.0
>200.5
>200.5

3185
7056
1540

290.0
290.0
270.0

<5
<5
6.3

<1
4.2

34.0

100.0
57.0

120.0

140.0
140.0
67.0
74.0
72.0
72.0

72
76
75

2/21/98

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

2/22/98

_

-

-

-

-

-

-

-

-

-

-

-

-

.I

-

-

-

-

-

-

-

-

2/23/1998;
2 h Oder
start up

25.0

86.0
69.0

<5
<5
<5

<S

-

62.0
82.0

<4

-

-

-

0.11
0.47

0,26

0.40

0.22

13.00
12.00

<0.1

<0.03
<0.03

<0.03

-

' 0 '

>200.5

211@.1

-

-

-

-

140.0

93.0

-

2/23/1908;
6 h artar
start up

25.3

98.0
85.0

6.2
<5
<5

<5

-

60.0
49.0

5.5

-

-

-

0.17
0.50

0.28

0.38

0.18

13.00
11.00

<0.1

<0.03
<0.03

<0.03

-

0

>200.5

211@.1

-

-

-

-

140.0

78.0

-

2/24/98

25.0

i
_

;
-

-

-

-

-

-

-

-

-
-
-
-
-

-
-
-

-

-

2/25/98

25.0

98.0
100.0

<5
<5
<5

<5

;
31.0
30.0

<4

-

-

-

0.11
0.74

0.40

0.86

1.30

13.00
11,00

<0.1

<003
<0,03

<0.03

-

0

>200.5

211@.1

•

-

-

130.0

76.0

-

ug/l = mlcrogram per liter, mg/l = milligram par liter
GW = groundwater, VOC = volatile organic compound
Ba = Barium, V = Vanadium, Zn = Zinc, Mg = Magnesium
Na = Sodium, K = Potassium
MPN/ml - most probable number par millillter
CFU/mls colony forming units per milliliter
NTU » nephelomelric turbidity units
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Phase I Perchloraia Treatability Study
Laboratorv Analytical Results Summary

SAMPLING PORT
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Infl, (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl. (A)

Air Strip, Effl. (BS-C) '
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)
Bloreactor Effluent (G)

AirStrip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
AirStrip. Infl. (A)
Airstrip. Eff. (B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bloreactor 1/4 (0)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip, Infl, (A)
Air Strip, Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreaclor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW (BS)
Bioreaclor Influent (C)
Bioreactor Effluent (G)

AirStrip. Infl. (A)
Undiluted GW (BS1.

Bloreactor Influent (C)
Bioreactor Effluent (fff •

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Slrip. Inn. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Infl. (A)

AS Effluent post-ethanol (BS-C)
Bioreactor Influent (C)
Bioreaclor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Elhanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
'erchlorate (ug/l)
Perchlorate (ug/l)
"erchlorate (ug/l)

Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorlte (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaC03 (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)

Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Slitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Write Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulfide (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/IOOml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l) .
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mfl/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamine (NDMA) (ug/l) • •
N-Nitrosodlmelhylamlne (NDMA) (ug/l)
N-Nilrosodlmelhylamlne (NDMA) (ug/l) • '
N-Nitrosodimelhylamine (NDMA) (ug/l)

2/26/99

24.9'

-

;
-

-

-

-

-

-

-

-

-

-
-

-

• -
-

-
-

-

-

-

2/27/98

25.0

63.0
77.0

<5
<5
<5

<5
<5
<S

<5

27.0
29.0

<4

-

-

-

0.10
0.66

0.48

0.69

3.70

14.00
23.00

O.1

<0.03
<0.03

<0.03

-

-

-

-

-

-

-

-

110.0

52.0

-

2/28/98

.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/1/98

25.5

73.0
51.0

<5
<5
<5

<5
6.8
19.0

12.0

38.0
34.0

<4

-

-

-

0.10
0.57

0.44

0.73
3.00

15.00
13.00

<0.1

<0.03
0.11

<0.03

-

0

=•200.5

-

-

-

-

-

78.0

28.0

-

3/2/98

25.3

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/3/98

24.5

83.0
54.0

6.0
<5
<5

<5
<5
<5

<5

34.0
40.0

6.7

-

-

-

-

-

16.00
13.00

<0.1

O.03
0.12

0.41

-

-

-

-

-

-

-

-

-

-

3/4/98

25.8

91.0
74.0
22.0
9.7
13.0
14.0
<5
<5
<5
<5
<5
<5
5.1
<5
<5
<5
<5
<5

37.0
29.0
12.0
5.6
13.0
8.3

0.0743/<0.02
0.0672/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02
<0.02/<0.02

99.0
110.0
160.0

9.0
11.0

8.0

0.10
0.60

0.49

<0.1
0.55

2.00

16.00
14.00
2.10
<0.03
<0.03
0.25

<0.03
0.10
0.58
<0.03
0.26
0.30

16/<1
14/<1
11 /<1

0
0
0

0.0
109.1
165.2

138@.1
211@.1
217(8.1

280.0
270.0
260.0

<5
<5
<5

<1
«1
6.0

84.0
96.0
23.0

95.0
89.0

36.0

-

3/5/98

24.8

91.0
78.0

15.0
<5
<5

<5
<5
<5

<5

35.0
35.0

7.2

-

-

-

-

-

14.00
13.00

0.20

<0.03
0.08

0.36

-

-

-

-

-

-

-

-

-

-

3/6/98

25.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/7/98

.

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/8/98

26.1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/9/98

26.6

76.0
33.0

18.0
<5
<5

<5
<5
<5

<5

46.0
35.0

9.4

-

-

-

-

-

16.00
12.00

0.14

<0.03
0.07

0.24

-

-

-

-

-

-

-

-

-

-

3/10/98

25.5

-

-

-

-

-

-

-

-

-

-

-

-

" )

-

-

-

-

-

-

-

-

S/1'1/98

25.0

110.0
120.0

40.0
7.4
<5

<5
7.2
8.1

10.0

52.0
40.0

9.8

-

-

-

-

-

16.00
13.00

<0.1

<0.03
0.05

0.07

-

i [

-

-

-

-

-

-

-

-

3/12/98

25.4

120.0
120.0

36.0
<5
<5

5.0
7.4
7.7

9.4

48.0
40.0

12,0

-

-

-

- -

-

16.00
13.00

<0.1

<0.03
0.05

<0.03

-

-

-

-

-

-

-

-

-

-

3/13/98

25.0

160.0
100.0
39.0
25.0
24.0
21.0
6.9
<5
<5
<5
<5
<S
8.3
7,8
9,0
9.1
8.3
8.3

43.0
40.0
22.0
7.9
16.0
13.0

0.068/<0.02
0,056/<0.02

<0.02/<0.02

110.0
110.0
170.0

8.8
6.8

9.0

0.08
0.64

0.41

<0,1
0,69

1.10

16.00
13.00
0.65
<0.1
<0.1
<0.1

<0.03
0.06
0.36
<0.03
<0.03
<0.03

14/<1
13/<1
9,7/<1

0
0
0

0.0
73.8
118.4

8931
7630
9711

290.0
290.0
270.0

<5
<5
<5

<1
1.3
2.1

-

110.0
95.0

38.0

-

3/14/98

.

-

•

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

-

-

ug/l = microgram per liter, mg/l = milligram per liter
GW * groundwater, VOC « volatile organic compound
Ba * Barium, V = Vanadium, Zn « Zinc, Mg = Magnesium
Na » Sodium, K - Potassium
MPN/ml = most probable number per milllllter
CFU/ml« colony forming units per milllliter
NTU = nephelometric turbidity units
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Phase I Perchlorate Treatabilily Study
Laboratory Analytical Results Summary

SAMPLING PORT
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor 1/4 (D)
Bioreaotor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G^
Air Strip. Inn. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bloreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Intl. (A)

Air Strip, Effl. (BS-C)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl, (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Inn. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Inn. (A)
Air Strip, Eff. (B)

Undiluted GW (BS)
Bioreactor Influent (C)

Bforeactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Airstrip. Infl. (A)

Undiluted GW (BS)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BSjt

Bioreactor Influent (C)
Bioreactor Effluent («)

Air Strip, Inn. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl, (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl, (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn, (A)
Undiluted GW(BS)

Bloreactor Influont (C)
Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Inn. (A)

AS Effluent post-olhanol (BS-C)
Bloreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Methanol (mg/J)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorate (ug/l)

Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaC03 (mg/l)
Alkalinity as CaC03 (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
"otal Phosphorus (mg/l)

Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
•Mrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulfide (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/1 00ml) '
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Becteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nltrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)

3/15/98!

*

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/16/98

9.9

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/17/98

10.3

100.0
31.0

26.0
<5
<5

<5
9.7
9.4

10.0

75.0
21.0

7.7

-

-

-

0.11
2.10

2.20

3.80

4.70

18.00
5.20

<0.1

<0.03
0.31

<0.03

-

0

>200.5

7513

-

-

-

-

140.0

42.0

-

3/18/98

10.3

14.0
8.7

11.0
<5
<5

<5
6.1
<5

7.6

70.0
26.0

6.3

-

-

-

0.12
1.80

1.80

3.90

4.20

17.00
5.00

<0.1

<0.03
0.28

<0.03

-

0

>200.5

6400

-

-

-

V

38.0

32.0

-

3/19/98

10.0

97.0
27.0

14.0
<5
<5

<5
8.1
9.3

8.3

58.0
25.0

<4

-

-

-

0.11
1.60

1.60

4.10

5.30

18.00
6.30

<0.1

<0.03
0.06

0.03

-

0

>200.5

7800

-

-

-

-

55.0

30.0

-

3/20/98

10.1

74.0
24.0

14.0
<S
<5

<5
7.5
8.0

7.7

61.0
31.0

<4

-

-

-

0.11
1.30

1.40

3.00

4.20

17.00
5.70

<0.1

<0.03
0.06

<0.03

-

0

>200.5

6700

-

-

-

-

75.0

54.0

-

3/21/98

10.0

;
-

-

-

-

-

-

-

-

-

-

-
-

-

-

-

-

-

-

-

-

3/22/98

10.0

97.0
38.0

18.0
<5
<5

<5
9.7
9.2

8.6

59.0
11.0

<4

-

-

-

0.11
2.00

1.90

6.40

9.10

17.00
5.40

<0.1

<0.03
0.08

0.03

-

0

>200.5

1300

-

-

-

-

71.0

60.0

-

3/23/98

9.9

83.0
39.0

17.0
<5
<5

<5
8.1
9.0

8.3

71.0
28.0

7.9

-

-

-

0.11
1.10

1.10

3.80

5.30

17.00
5.60

<0.1

<0.03
0.05

<0.03

-

0

>200.5

2011

-

-

-

-

77.0

58.0

-

3/24/98

10.8

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/25/98

14.8

100.0
18.0

<5.0
<5.0
<5.0

<5.0
9.5
7.1

<5.0

70.0
39.0

5.0

-

-

-

0.11
1.20

1.10

2.20

3.00

13.00
6.70

0.20

<0.03
0.12

0.12

-

0

> 200.5

3711

-

-

-

- -

58.0

18.0

-

3/26/98

_

100.0
21.0

<5.0
<5.0
<5.0

<5.0
7.4
6.8

<5.0

52.0
55.0

18.0

-

-

-

0.11
1.20

1.00

3.20

6.40

17.00
8.20

<0.10

<0.03
0.38

0.19

-

0

> 200.5

2713

-

-

-

-

54.0

12.0

-

3/27/98

15.4

52.0
<5.0

<5.0
<5.0
<5.0

<5.0
6.7

<5.0

<5.0

78.0
56.0

56.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

•6/28/98

_

-

-

-

-

-

-

-

-

-

-

-

-

I . '

• " »

-

-

-

-

-

-

-

-

3/29/98

_

-

-

:
-

-

-

-

-

-

-

-

-

.-
-

-

-
-

-
-

-

-

3/30/98

15.3

84.0
14.0

<5.0
<5.0
<5.0

<5,0

_

65.0
61.0

52.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/31/98

14.7

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/1/98

14.7

66.0
40.0

12.0
<5
<5

<5
8.3
8.1

7.9

58.0
23.0

<4

-

-

-

-

-

17.00
<0,1

<0.1

0.037
<0,03

<0.03

-

-

-

-

-

-

-

-

-

ug/l = microgram per liter, mg/l = milligram per liter
GW = groundwalar, VOC = volatile organic compound
Ba = Barium, V = Vanadium, Zn » Zinc, Mg = Magnesium
Na * Sodium, K - Potassium
MPN/ml = most probable number per mllliliter
CFU/ml - colony forming units per milllliter
NTU * nephelomelrlc turbidity units
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Phase 1 Perchlorate Treatability Study
Laboratory Analytical Results Summarv

SAMPLING PORT
Undiluted GW(BS)

Bioreaclor Influent (C)
Btoreactor 1/4 (D)
Bloreador 1/2 (E)
Bloreactor 3/4 (F)

Bioreaclor Effluent (G)
Undiluted GW(BS)

Bloreactor Influent (C)
Bloraactor 1/4 (D)
Btoreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioraactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Airstrip, Infl. (A)

Undiluted GW(BS)
Btoreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bloreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Air Strip. Effl. (BS-C)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bloreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW (BS)

Bioreaclor Influent (C)
Bioreaclor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Aft- Slrlp. Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bloreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip, Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bloreactor Influent (C)

Bioreactor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bloreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioroactor Influent (C)
Bioreaclor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS).,.

Bioreaclor Influent (C;
Bloreactor Effluent (G>>'

Air Slrlp. Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Btoreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreaclor Effluent (G)

Air Slrlp, Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreaclor Effluent (GJ

Air Strip, Infl. (A)
Undiluted GW(BS)

Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Btoreactor Influent (C)
Btoreactor 1/4 (D)
Btoreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreactor Effluent (G)
Air Strip. Infl. (A)

AS Effluent post-ethanol (BS-C)
Bioreaclor Influent (C)
Bioreaclor Effluent (G)

DATE SAMPLED
s
INFLUENT GWFLOWRATE (GPM)

ANALYTES
Alcohols, Elhanol (mg/l)
Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/J)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorile (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCC-3 (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS^mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chlorida (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Fecal Coliform (MPN/100ml)
Facal Coliform (MPN/100ml) • '. '
Fecal Coliform (MPN/100ml)
Facal Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml)
Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimelhylamine (NDMA) (ug/l)
N-Nltrosodlmelhylamine (NDMA) (ug/l)
N-Nltrosodimethylamlne (NDMA) (ug/l)

4/2/98i»

14.8 l

63.0
39.0

12.0
<5
<S

<S
8.5
7.9

7.5

52.0
15.0

<4

-

-

-

0.12
1.70

1.40

-

-

-

-

-

-

-

-

-

-

-

-

4/3/9B

'15.1

70.0
38.0

17.0
<5
<5

<5
8.9
8.2

7.9

46.0
41.0

8.9

-

-

-

-

-

17.00
7.80

<0.1

<0.03
0.14

0.12

-

f :

\ '-

-

-

-

-

-

-

-

-

4/4/98

19.8

100.0
78.0

37.0
<5
<5

<5
9.7
9.1

8.6

50.0
30.0

7.5

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/5/98

19.9

76.0
71.0

42.0
<5
<5

<5
8.6
9.0

8.9

44.0
32.0

9.8

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-'

-

4/6/98

19.6

85.0
63.0

36.0
<5
<5

<S
8.7
8.9

8.8

43.0
33.0

5.0

-

-

-

-

-

17.00
8.40

<0.1

<0.03
0.42

<0.03

-

-

-

-

-

-

-

-

-

-

4/7/98

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/8/98

19.2

230.0
120.0

56.0
<5
<5

<5
15.0
<5

<5

37.0
32.0

10.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/9/98

19.3

250.0
110.0

61.0
<5
<5

<5
<5
6.4

7.2

44.0
29.0

11.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/10/98

17.5

57.0
45.0

12.0
<5
<5

<5
<5
<5

<5

47.0
31.0

14.0

-

-

-

0.11
0.42

0.24

-

16.00
11.00

0.11

O.03
0.09

0.14

-

-

-

-

-

-

-

, -

-

-

4/11/98

15.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/12/98

_

55.0
35.0

<5
<5
<5

<5
<5
<5

<5

52.0
26.0

15.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/13/98

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/14/98

15.3

75.0
9.9

<5
<5
<5

<5
<5
<5

<5

51.0
27.0

<4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

3/1 5/98

15.2

53.0
26.0

<5
<5
<5

<5
<S
<S

<5

58.0
40.0

21.0

-

-

-

0.12
1.20

1.10

-

18.00
9.00

<0.1

<0.03
0.27

0.48

-

I" '

; i

-

-

-

-

-

-

-

-

4/16/98

15.4

\

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/17/98

15.0

110.0
80.0

54.0
<5
<5

<5
5.1
14.0

10.0

55.0
34.0

9.5

-

-

-

-

-

15.00
6.50

<0.1

<0.03
0.10

<0.03

-

-

-

-

-

-

- '

-

-

-

4/18/98

15.5

-

•

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

-

-

-

4/19/98

15.0

110.0
69.0

38.0
<5
<5

<5
11.0
14.0

7.0

51.0
29.0

5.2

-

-

-

-

-

15.00
7.30

<0.1

<0.03
0.09

0.13

-

-

-

-

-

-

-

-

-

-

g/l=" mlcrogram per liter, mg/l« milligram per liter
SW » groundwater, VOC « volatile organic compound
ia « Barium, V = Vanadium, Zn « Zinc, Mg = Magnesium
la » Sodium, K = Potassium
dPN/ml = most probable number per milllliter
;FU/ml * colony forming units per milliliter
•JTU E nephelomelrlc turbidity units
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Phase I Perchlorate Treatability Study
Laboratory Analytical Results Summarv

SAMPLING PORT
Undiluted GW(BS)

BJoroactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bloraactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bloreaclor Effluent (G)
Air Strip, Infl, (A)

Air Strip. Effl. (BS-C)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioraaclor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (6)
Bioreactor Effluent (£1

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

AS Effluent post-olhanol (BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/l)
Alcohols. Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Mathanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Methanol (mg/l)
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchiorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorate (ug/l)
Perchlorate (ug/t)
Chlorate, Chlorito (mg/l) ,
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCO3 (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCO3 (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (ma/I)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l) . .
titrate Nitrogen (mg/l) ' '
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Write Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulfida (mg/l)
Sulfate, Sulflde (mg/l)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/1 00ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodlmethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nitrosodimethylamine (NDMA) (ug/l)
N-Nilrosodtmethylamlne (NDMA) (ug/l)

4/20/9^

16.01

120.0
47.0

33.0
<5
<5

<5
7.0
6.9

7.7

55.0
16.0

<4

-

-

-

-

-

-

-

-

-,

-

-

-

-

-

-

-

-

4/21/98

•15.9

100.0
59.0

27.0
<5
<5

<5
9.3
24.0

15.0

55.0
38.0

17.0

-

-

-

-

-

15.00
7.30

<0.1

<0.03
0.09

0.13

-

1 -

-

-

-

-

-

-

-

-

4/22/98

16.0

94.0
74.0

39.0
<5
<5

<5
<5
<5

<5

54.0
35.0

17.0

-

-

-

-

-

-

. -

-

-

-

-

-

-

-

-

-

' -

4/23/98

„

110.0
78.0

28.0
<:5
<5

<S
5.9
<5

<5

53.0
35.0

17.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/24/98

15.0

100.0
94.0

42.0
<5
<5

<5
<5
5.2

<5

56.0
39.0

19.0

-

-

-

0.11
0.76

0.54

-

16.00
8.20

<0.1

<0.03
0.10

0.14

-

-

-

-

-

-

-

-

-

-

4/25/98

15.0/9.8

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/26/98

8.7

130.0
55.0

27.0
<5
<5

<5
<5
5.1

5.4

54.0
22.0

8.3

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/27/98

10.0

120.0
31.0

16.0
<5
<5

<5
5.4
<5

5.4

57.0
30.0

15.0

-

-

-

-

•=0.1
1.50

1.40

-

-

-

-

-

-

-

-

-

-

-

-

4/28/98

10.2

88.0
41.0

13.0
<5
<5

<5
<5
<5

<5

58.0
31.0

12.0

-

-

-

0.11
0.89

0.78

-

18.00
4.40

<0.1

<0.03
0.11

<0.03

-

-

-

-

-

-

-

-

-

-

4/29/98

9.7

110.0
44.0

13.0
<5
<5

<5
<5
<5

<5

59.0
31.0

13.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

4/30/98

9.7

120.0
32.0

18.0
<5
<5

<5
<5
<5

<5

54.0
25.0

4.0

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/1/98

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/2/98

-

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

*5/3/98

•

-

-

-

-

-

-

-

-

-

-

-

-

1- '

- i

-

-

-

-

-

-

-

-

5/4/98

9.8

170.0
86.0

110.0
5.8
7.2

7.0
<5

24.0

30.0

66.0
44.0

32.0

-

-

-

0.12
2.80

4.00

-

18.00
13.00

12.00

<0.03
0.78

1,20

-

-

-

-

-

-

-

-

-

-

5/5/98

8.7

140.0
74.0

62.0
5.8
5.5

6.6
<5
<5

7.1

61.0
41.0

25.0

-

-

-

-

-

17.00
6.70

2.30

<0.03
1,90

2.60

-

-

-

-

-

-

-

-

-

-

5/6/98

9.1

-

•

_

-

-

-

-

-

-

-

-

-

-

-

-

•

-

-

-

-

-

5/7/98

9.9

150.0
52.0

54.0
11.0
9.9

13.0
5.8
5.2

7.3

59.0
16.0

<4

-

-

-

-

16.00
1.70

•=0.1

<0.03
0.99

<0.03

-

-

•

-

-

•

-

-

-

-

ug/l - microgram per liter, mg/l = milligram per liter
GW = groundwaler, VOC = volatile organic compound
Ba » Barium, V « Vanadium, Zn = Zinc, Mg * Magnesium
Na = Sodium, K = Potassium
MPN/ml = most probable number per milliliter
CFU/ml = colony forming units per milliliter
NTU = nephelometrlc turbidity units
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Laboratory Analvtical Results Summarv

SAMPLING PORT
Undiluted GW (BS)

Bbreactor Influent (C)
Bioreactor 1/4 (D)
Bioroactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Inn. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Inn. (A)

Airstrip. Effl. (BS:C)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)_
Air Strip. Inn. (A)

Undiluted GW(BS)
Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (0)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreaclor 1/4 (D)
Bioreaclor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (GL
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreaclor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BSV

Bioreactor Influent (C)
Bioreaclor Effluent (Q>.

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Ah- Strip. Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip, Infl. (A)
Undiluted GW(BS)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreaclor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

AS Effluent post-elhanol (BS-C)
Bioreaclor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOW/RATE (GPM)
ANALYTES

Alcohols, Elhanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Ethanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Melhanol (mg/l)
Alcohols, Mathanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l)
Alcohols, Methanol (mg/l) ..
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
sopropyl alcohol mg/l
Porchlorale (ug/l)
"erchlorata (ug/l)

Perchlorata (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'erchlorate (ug/l)

Perchlorate (ug/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Chlorate, Chlorite (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Alkalinity as CaCOS (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Chloride (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Total Phosphorus (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
Nitrate Nitrogen (mg/l)
titrate Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Nitrite Nitrogen (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Sulfate, Sulflde (mg/l)
Fecal CoWorm (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/1QDml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Dissolved Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg/l)
Total Suspended Solids (mg'l)
Total Suspended Solids (mg/l)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Demand (mg/l)
Biochemical Oxygen Dsmand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
Chemical Oxygen Demand (mg/l)
N-Nitrosodlmethylamine (NDMA) (ug/l)
N-Nitrosodlmethylamlne (NDMA) (ug/l)
N-Nitrosodlmelhylamlne (NDMA) (ug/l)
N-Nitrosodlmethylamlne (NOMA) (ug/l)

5/8/98^

9.7 '•

!
-

-

-

-

-

-

-

-

-

-

-

-

-
-

-

-

-
-

-

-

SIS/98

\

,

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/10/98

10.1

130.0
43.0

44.0
<5.0
<S.O

<5.0
10.0
8.0

10.0

57.0
<4

<4

-

-

-

-

-

17.00
2.20

<0.1

<0.03
1.00

<0.03

-

-

-

-

-

-

-

-

-

-

5/11/98

9.8

97.0
63.0

50.0
10.0
10.0

11.0
6.7
6.4

8.5

51.0
23.0

<4

-

-

-

-

-

14.00
4.60

<0.1

<0.03
0.08

<0.03

-

-

-

-

-

-

' -

-

-

-

5/12/98

9.9

130.0
45.0

45.0
<5
<5

<S
13.0
7.9

9.7

67.0
<4

<4

-

-

-

0.16
0.52

0.58

-

17.00
1.20

<0.1

<0.03
0.52

<0.03

-

-

-

. -

-

-

-

-

-

-

5/13/98

10.0

21.0
17.0

24.0
<5
<5

<5
<5
6.4

8.2

52.0
4.2

<4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/14/98

10.1

42.0
<5

<5
<5
<5

<5
<5
<5

<5

62.0
17.0

<4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/15/98

9.7

100.0
20.0

15.0
<5
<5

<S
14.0
6.6

6.0

61.0
<4

<4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/16/98

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/17/98

9.9

140.0
30.0

27.0
6.0
<5

<5
19.0
8.7

7.7

60.0
<4

<4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/18/98

9.8

38.0
30.0

29.0
<5
<S

<5
5.3
8.4

9.3

58.0
<4

<4

-

100.0

8.1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/19/98

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

- -

-

-

5/20/98'

„

-

-

-

-

-

-

-

-

-

-

-

-

-1

-

-

-

-

-

-

-

-

5/21/98

_

;
•

-

-

-

-

-

-

-

-

-

-
-
-
-
-
-
-
-

-

-

5/22/98

_

-

'

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/23/98

15,2

!
-

-

-

-

-

-

-

-

-

-

-

-

-

-
-

-
-

-

-

-

5/24/98

15.0

-

-

•

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

ug/l» mlcrogram per liter, mg/l * milligram per liter
GW = groundwater, VOC = volatile organic compound
Ba » Barium, V * Vanadium, Zn « Zinc, Mg = Magnesium
Na = Sodium, K = Potassium
MPN/ml » most probable number per millillter
CFU/ml« colony forming units per milliliter
NTU = nepnelomelric turbidity units

N:\Aerojet\labdata\datsum.xls Harding Lawson Associates
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Phase I Perchlorale Treatability Study
Laboratory Analytical Results Summarv

f

SAMPLING PORT
Undiluted GW(BS)

Bioreactor Influent (C)
Btoreaclor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3M(F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Slrip, Infl. (A)

Air Strip. Effl. (BS-C)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Slrip. Infl. (A)
Undiluted GW (BS)

Bloreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)

Undiluted GW(BS)
Bloreaclor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW (BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip, Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)
Air Strip. Eff. (B)

Undiluted GW(BS)
Bioreactor Influent (C)

Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Air Strip. Infl. (A)

Undiluted GW(BS)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Inn, (A)
Undiluted GW(BSJ-

Bioreactor Influent (C)
Bioreactor Effluent (€}

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Inn. (A)
Undiluted GW (BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

AirStrlp. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreactor Influent. (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Undiluted GW(BS)

Bioreactor Influent (C)
Bioreactor 1/4 (D)
Bioreactor 1/2 (E)
Bioreactor 3/4 (F)

Bioreactor Effluent (G)
Airstrip. Infl. (A)

AS Effluent post-ethanol (BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Alcohols, Ethanol (mg/I)
Alcohols, Ethanol (mg/I)
Alcohols, Ethanol (mg/I)
Alcohols, Ethanol (mg/I)
Alcohols, Ethanol (mg/I)
Alcohols, Ethanol (mg/I)
Alcohols, Methanol (mg/I)
Alcohols, Methanol (mg/I)
Alcohols, Methanol (mg/I)
Alcohols, Methanol (mg/I)
Alcohols, Melhanol (mg/I)
Alcohols, Methanol (mg/I)
sopropyl alcohol mg/I '
sopropyl alcohol mg/I
sopropyl alcohol mg/I
sopropyl alcohol mg/I
sopropyl alcohol mg/I
sopropyl alcohol mg/I
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
Perchlorate (ug/l)
'orchlorate (ug/l)

Chlorate, Chlorito (mg/I)
Chlorate, Chlorite (mg/I)
Chlorate, Chlorite (mg/I)
Chlorate, Chlorite (mg/I)
Chlorate, Chlorite (mg/I)
Chlorate, Chlorite (mg/I)
Chlorate. Chlorite (mg/I)
Alkalinity as CaCC-3 (mg/I)
Alkalinity as CaCO3 (mg/I)
Alkalinity as CaC03 (mg/I)
Alkalinity as CaCO3 (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Chloride (mg/I)
Total Phosphorus (mg/I)
Total Phosphorus (mg/I)
Total Phosphorus (mg/I)

Total Phosphorus (mg/I)
Total Phosphorus (mg/I)
Total Phosphorus (mg/I)
Total Phosphorus (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/I)
Ammonia Nitrogen (mg/l)
Nitrate Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
titrate Nitrogen (mg/I)
titrate Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
Nitrate Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Nitrite Nitrogen (mg/I)
Sulfate, Sulfide (mg/I)
Sulfate, Sulflde (mg/I)
Sulfate, Sulflde (mg/I)
Sulfate, Sulflda (mg/I)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Fecal Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Coliform (MPN/100ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Bacteria (CFU/ml)
Total Dissolved Solids (mg/I)
Total Dissolved Solids (mg/I)
Total Dissolved Solids (mg/I)
Total Dissolved Solids (mg/I)
Total Suspended Solids (mg/I)
Total Suspended Solids (mg/I)
Total Suspended Solids (mg/I)
Total Suspended Solids (mg/I)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Turbidity (NTU)
Biochemical Oxygen Demand (mg/I)
Biochemical Oxygen Demand (mg/I)
Biochemical Oxygen Demand (mg/I)
Biochemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
Chemical Oxygen Demand (mg/I)
N-NltrosodimethylamlnB (NDMA) (ug/iy
N-Nitrosodlmathylamine (NDMA) (ug/l) '• .
N-Nitrosod!methylamina (NDMA) (ug/l)
N-Nitrosodimethylamlne (NDMA) (ug/l)

5/25/9rf
'.

-

_

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/26/98

-

~

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

5/27/98

26.0

<5
<5

<5
<5
<5

<5
<5
<S

<5

48.0
58.0

42.0

-

-

-

0.11
0.68

0.77

-

17.00
16.00

14.00

O.03
<0.03

<0.03

-

6/8/98

19.9

;
-

-

-
-

-

-

-

-

6/9/98

19.8

100.0
88.0

50.0
<5
<5

<S
<S
<5

<5

51.0
43.0

32.0

-

-

-

-

-

15.00
9.90

0.58

<0.03
0.17

0.46

-

6/10/98

19.9

88.0
90.0

42.0
<5
<5

<5
11.0
12.0

14.0

16.0
13.0

<4

-

-

-

-

-

-

6/11/98

20.0

88.0
79.0

23.0
14.0
<5

<5
10.0
11.0

8.3

48.0
26.0

<4

-

-

-

-

-

-

6/12/98

19.9

160.0
36.0

15.0
<5
<5

<5
7.4
<5

<5

46.0
<4

<4

-

-

-

-

-

15.00
8.90

<0.2

<0.2
<0.2

<0.2

-

6/13/98

20.1

-

..

-

-

-

-

-

-

-

6/14/98

20.3

120.0
48.0

<S
<5
<5

<5
5.3
<5

5.2

52.0
43.0

<4

-

-

-

-

-

16.00
9.50

<0.1

<0.03
0.11

<0.03

-

6/15/98

110.0
56.0

13.0
<5
<5

<5
8.0
5.0

7.0

51.0
30.0

«4

-

100.0

8.2

-

-

15.00
8.20

<0.1

<0.03
0.47

<0.03
15.0

250.0

-

6/16/98

110.0
61.0

12.0
<5
<5

<5
<5
<5

<5

48.0
37.0

<4

-

-

-

-

-

15.00
6.50

<0.1

<0.03
0.50

<0.03

-

*6/1 7/98 "

19.9

130.0
52.0

8.9
<5
<5

<5
5.3
<5

<5

52.0
36.0

<4

-

-

-

-

-

19.00
8.80

<0.1

<0.03
0.13

•=0.03

1

• \

-

ug/l * microgram per liter, mg/I« milligram per liter
GW = groundwater, VOC = volatile organic compound
Ba = Barium, V « Vanadium, Zn * Zinc. Mg « Magnesium
Na s Sodium, K s Potassium
MPN/ml * most probable number per millililor
CFU/ml» colony forming units per milliliter
NTU = nephelometrlc turbidity units

N:\AeroJet\lebdata\datsum.xls Harding Lawson Associates
Page 13



Phase I Perchlorale Traatability Study
VOC Analytical Results Summary

SAMPLING PORT
Air StrifUnfl. (A)

AlrStrlp. Eff.(B. BS-CJ
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Airstrip. Eff.(B.BS-C)
Bioreactor Influent (C)
Bioraactor Effluant (G)

Air Strljx InfyA)
Airstrip. Eff.'[B, BS-C)'
Bioraactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl, (A^
AirStrip^EffJB^BS-C)
Bioreactor Influent (CJ_
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Airstrip. Eff. 4B;BS-CJ
Bloreactor Influent (C)
Bioreactor Effluent (G)"

Air Strip. Infl. (A)
Air Strip, Eff. (B)

Air Slrig,_EfyB; BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip, Eff. (BS-CJ

Bioreactor Influsnt (C)_
Bloreactor Effluent (G)

Air Strip, Infl. (A)
Air Strip, Eff, (B)

Air Strip. Eff. (BS-C)
Bioreactor Influent (C)
Bioreactor Effluant (G)

Air Strip. Infl. (A)
Air Strip. Eff. (B)

Airstrip. Eff. (BS-C)
Bloreactor Influent (C)
Bioreactor EffluentJG)

Air Strip. Infl. (A)
Airstrip. Eff, (B)

Air Strip. Eff. (BS-C)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip, Eff. (B)

Air Strip, Eff. (BS-C)
Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. (J3)

Air Slrig. Efy BS-C)
Bioreactor lnfluenlJCJ_
Bloreactor Effluent (G)

Air Strip, Infl. (A)
Airstrip, Eff. JB)

Air Strip. Eff. (BS-CJ
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. (B)

Air Strip. Eff. (fl; BS-CJ
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip, Infl, (A)
Airstrip. Eff. (B)

Air Strig. EffJB; BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. (B)

Air Stria Eff. (B; BS-CJ_
Bioreactor Influent (C)
Bioreactor Effluent (G)

AirStrip4nfl,(A)
Airstrip. Eff. (B)

Airstrip. Eff*{&; BS-C)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strig-JnOJA)
Alf Strip, Eff. (B)

Air Strjk Eff. (B; BS-q_
Bioreactor Influent (CJ
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Airstrip. Eff. (B)

AIrSirlp."Eff.'(B; BS^C)
Btoreactor Influent (C)
Bloreactor Effluent (G)

Air Strip, Infl. (A)
Air Strip. Eff. (B)

Airstrip, Eff. (B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

AirStrJeJnfl.(A)_
Airstrip, Eff. (B)

Air Strip. Eff.JB; BS-C)
Bloreactor influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff.*(B)

Air Strip. Eff. (B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
AlrStrlp. Eff. (B)

AlrStrlp. Eff. (BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOW/RATE (GPM)
ANALYTES

Acetone (ug/l) EPA82SO
Acetone (ug/l)
Acetone (ug/l)
Acetone (ug/l)
Chloroform (ug/l) EPA 8260
Chloroform (ug/l)
Chloroform (ug/l)
Chloroform (ug/l)
4-Methyl-2-pentanone (ug/l) EPA 8260
i-Methyl-2-pentanone (ug/l)

l-Methyl-2-pentanone iug/l)
4-Melhyl-2-pentanone (ug/l)

,1-Dichloroethsne (ug/l) EPA 8260
,1-Dlchloroathene(ug/l)
,1-Dlchloroethene (ug/l)
,1-Dichloroethone (ug/l)

Tetrachloroethene (ug/l) EPA 8260
Totrachloroelhene (ug/l)
Tetrachloroelhene (ug/i)
Tetracriloroethehe (ug/i)
Trichloroslhene [ug/l) EPA 8260
Trlchtoroethene jug/l)̂
Trlchloroethena (ug/l)
"rlchloroethene (ug/l)

Trlchloroethene (ug/l)
Ethanol (mg/l) EPA 502.2
Ethanol (mg/l)_
Ethanol (mg/l)
Ethanol (mg/l)
Vinyl chloride (ug/l) EPA 502.2
Vinyl chloride (ug/l) ' .
Vlnyichloride (ug§_
Vinyl chloride ̂ ug/l)
Vinyl chloride (ug/l)
Trichlorofluoromethana (ug/l) EPA 502.2
rrlchlorofluoromethanejug_/l)
rrichjorofluoromethans (ug/l)

Trichlorofiuoromeihana (ug/l)
Trichlorofluoromethane (ug/l)
1,1-Dichloroethene (ug/l) EPA 502.2
1,1-Dichloroethene(ug/l)
1,1-Dichloroethene (ug/l)
I,1-Dichloroethene(ug§
1,1-Dichloroelhene(ug/l) •;
Mathyjane chloride (ug/l) EPA 502.2
delhylene chloride (ug/l)
Melhylene chloride (ug/l)
Melhylene chloride (ug/l)
Methylene chloride (ug/l)
1,1-DichloroethaneJug/l) EPAS02.2
1,1-Dichloroethane (ug/l)
1 ,1-Dichloroethane Jug/I)
1,1-Dichloroethana (ug/l)
1 , 1 -bicriiof bethane (ug/i) "
cls-1 ,2-Dlchloroelhene (ug/l) EPA 502.2
cis-1.2-Dlchloro8thene (ug/l)
cis-1,2-Dlchloroethane (ug/l)
cls-1 .2-Dichloroethenej[ug/l)
cis-1,2-Dichloroethene (ug/l)
Chloroform (ug/l) EPA 502.2
Chloroform (ug/l)_
Chloroform (ug/l)
Chloroform (ugll)
Chloroform (ug/l)
1,1,1-TrichloroBthane (ug/l) EPA 502.2
1,1,1-Trichloroethane (ug/l)
1,1.1 -Trichloroethane Jug/I)
1,1.1-Trichioroethane (ug/l)
1,1,1-Trichloroethane (ug/l)
Carbon telrachloride (ug/l) EPA 502.2
Carbon tetrachlorlde (ug/l)
Carbon tetrachloride (ug/j)
Carbon telrachloride jug/I)
Carbon telrachloride (ug/l)
1,2-Dlchloroethane(ug/D EPA 502.2
1,2-Dichloroethane (ug/l)
1,2-Dichloroethana (ug/l)
1,2-DIchloroethane(ug/l)
1,2-Dichloroethane (ug/l)
TrlchloroethenB fug/I) EPA 502.2
trichioroeihene (ug/l)
Trichloroelhene (ug_/l)̂
Trichloroethene (ug/l)
Trichloroethene (ug/l)
Telrachloroethene (ug/l) EPA 502.2
Tetrachloroethene (ug/l)
Telrachloroethene (ug/l)
Tetrachloroethene (ug/l)
Telrachloroethene (ug/l)
1,1,2-Trichloro-1,2,2-trifluoroethane (ug/l) EPA502.2
1,1,2-Trichloro-1,2,2-trifluoroethane
1 ,1 ,2-TrichIoro-1 ,2,2-trifluoroethane
1 ,1 ,2-Trichloro-1 ,2.2-trifluoroethane
f,i,2-TrIchh)ro-1,2l2-trlfluoraethane
1 ,1 -Dlchloroathene (ug/l) EPA 601
1 , 1 -Dichloroethene (ug/l)
1,1-Dichloroethene (ug/l)
1,1-Dichioroefhene (ug/i)
1,1-Dichloroethene (ug/l)
Trichloroethana (us/1) EPA 601
Trichloroethena (ug/l)
Trichloroathene (ug/l)
Trichloroelhene (ug/l)
Trichloroethene (ug/l)
cls-1 ,2-Dichloroelhene (ug/l) EPA 601
cls-1,2-Dichloroelriene (ug/l)
cls-1, 2-Dichloroelhens (ug/l)
cls-1 ,2-Dichloroethene (ug/l)
cls-1 ,2-Dichloraethene (ug/l)

11/5/97

.

<100
<100

-
-

<5
-
-
-

<50

-
-

6.3
-
-
-

<5
-
-

120
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

I
-
-
-
-
-
-
-
-
-
- .
-
-
-
-
-
-
-
-
-

t^~

1 :
.
.
; •
---.

-..---....-
-

• ;
..-

11/7/97

5.1

<100
<100

-
-

<5
<5
-
-

<SO
<50

-
-

6.3
<5
-
-

<5
<5

_

110
<5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_
-
-
-
-

-

-
-
-
-
-
-
-
-
-
-
-

-

;
---

11/17/97

4.0

-
-

<100
-
-
-

<5

; -
-

<50
-
-
-

<5
-
-

<5
-

-

<5 -
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-
-
-

.

-
-
-
-

-

-
-
-
-
-
-
-
-
-
-
-

-

_
-
-
-

12/16/97

29.4

<100
<100

-
<100
<5
<5
-

<5
<50
<50 '
-

<50
6.6
<5
-

<5
<5
<S

<5'
120.0

36.0
-

20.00
-
-
-
-
-
-
-
-
-
-
-

. ".

-
-
-
-
-
-

-

-
-
-

„

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-

: ..".
-
-
-
-
-
-
-
-
.
-
-

-

•• :-.-

12/17/97

30.0

-
-

. -
'
-
-
.
-

' • \
-
-
.
-
-
-
-
.

'_
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-
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-
-
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-
-
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-
-
-
-
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-
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-
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-
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-

• :..-

12/18/97

29.4

-
-
-
-
-
-
-

:--.----.
-
-.-----
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.---.-

.
---
---.-.-----.---.------...

' .--.

.------.-.-
-

;
---

12/19/97

28.3

<100
<100

-
<100
<s
<5
-

<s
<50
<50
-

<50
6.3
«5
-

*5
«5
-

i5
120.0

41.0
-

'32.0
-
-
-
-
-
-
-
-
-
-
-

:.---..
-
---

~ ---.-.------.----..---.,.
~,----
-
-..•--•...- .

-
;..-

12/24/97

25.1

<100
<100

-
-

<5
<5
-
-

<50
<so"
-
-

6.9
<5
-
-

<5
<5

_
130.0

53.0
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

'
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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-
-
-
-
-
-

-
-
-
-

-

-
-
-
-
-
-
-
-
-
-
-

-

•• ;
---

12/31/97

20.3

<100
<100

-
-

<5
<5
-
-

•=50
<50
-
-

8.0
<5
-
-

<5
<5

\ -

150.0

18.0
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

"_
-
-
-
-
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-
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-
-

.. . ,- i
-
-
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-
-
-
.
-

-

-

-
-
-

1/28/98

25.0

-
3600.0
2000.0
6700.0

-
<100
•=50
63.0

880.0 '
810.0
<250

-
9.2
7.8
<5
-

<100
<50

110.0
-

140.0
120.0

<5
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-

-

-
-
-

-
-
-
-
-
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-
-
-
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-
-
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-
-
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-
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-
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-
-
-
-

:....
-
-
-
-
-
-

-
-
-
-

-

• • - :.--

2/4/98

26.4

-
<100
<100
310.0

-
<5
<5
<5

21 bio '
200.0
87.0

-
8.2
6.2
<5
-

<5
<5

' 'iS '
-

120.0
99.0
19.0

-
-
-
-
-
-

<0.1
0.1
<0.1

-
-
-

-
-
-

10.00
7.80
3.00

<0.1
0.18
0.17

-
-

1.50
1.50
1.20 "

-
-

2.40
2.10
1.10

-
-

1.80
1.80
1.60"

-
-
-
-
-
-
-

2.10
1.80
0.34

-
-

1.90
1.80
1.20

150
140
28
-

0.26
0.20"
<0.1 .

-
-

O.1
0.16
<0.1

-
-
-
-
-

-"

.:. ._
-
-
-

2/5/98

25.1

-
-
-
-
-
-
-
-

--:-•-...----.
i.-
..--.--......._-
......
-

-..-
......--.-....-.-.........
..-.

'. ..-. ..
-..---....-

: . -

• " -

-
-
-

2/6/98

24.9

-
<100
340.0
330.0

-
<5
<5
<5

" 220O~
220.0
95.0

-
7.5
6.3
<5
-

<S
<s
<5
-

120.0
110.0

'22.6
-
-
-
-
-
-

<0.1
O.1
<0.1

-
-
-

-
-
-

12.00
9.90
4.00

0.25
0.12
0.25

-
-

1.60
1.60
i"ib'

-
-

2.70
2.50
1.10

-
-

1.90
2.00
1.70

-
-
-
-
-
-
-

2.20
2.00
0.30

-
-

2.30
2.30
1.40

• : - -
230
190
33
-

0.46
0.35""
<0.1

-
-

0.20
<0.1
<0.1

-
-
-
-
-

-

-

-
-
-

2/17/98

25.2

.
<100
220.0
560.0

-
<5
<5
<5

" 720.0'
640.0
280.0

-
9.0
7.5
<5
-

<5
<5

' <5
-

150.0
130.0
33.0" '

-
96.0
100.0
6.2
-
-

<0.1
<0.1
<0,1

-
-
-

-
-
-

8.50
6.60
6.30

O.1
<0.1

" 0.29
-
-

1.50
1.60
1.50 '

-
-

2.70
2.70
1.80
.
-

2.00
2.10
2.40

-
-

0.12
0.14
<0.1

-
-

2.40
2.10
0.30
1.
-

2.00'
2.30
1.80

•;
190
160
45
-

0.17
" 0.15'

<0.1
-
-

<0.1
<0.1
<0.1
.
.
-
.
-

-

=

-
.
-

2/18/98

25.6

-
<100
260.0
530.0

-
<5
<5
<5

550.0
540.0
260.0

-
7.4
8.1
<5
-

<5
<5

'<S
-

140.0
130.0

" 33.'0 '
-
-
-
-
-
-

<0.1
<0,1
<0.1

-
-
-

-
-
-

12.00
11.00
6.20

0.14
<0.1
0.25

-
-

1.50
1.50
1.40

-
-

2.60
2.60
1.70

-
-

2.00
2.00
2.30

-
-

0.12
<0.1
<0.1

-
-

2,20
2.00
0.32

-
-

2.10
2.20
1.50

;
190
170
45
-

0.17
0.16
<0.1

-
-

<0.1
<0,1
<0.1

-
.
-
-
-

-

_
.
-
-

2/19/98

25.1

-
-
-
-
-
-
-
-

;
--.---..
;.
-.--..-..

<0.1
<0.1
<0,1

-
-
•
.
-
-
-
.
.

-

-
-
-

;
.....-..................
;
..-.
j.
...---....-
-

;
..-

2/20/98

26.1

-
3700.0
5200.0
710.0

-
<250
<250
<2SO

^1200
<1200
390.0

-
<250
<250
<250

-
<250
<250
<250

-

<250
<250
35.0"

-
93.0
84.0
<5
-
-

<0.1
<0.1
O,1
.
.

.
-
-

10.00
11.00
5.90

<0.1
0.29
0.47

-
-

1.50
1.50
1.50

-
-

2.60
2.50
1.80
.
-

1.90
2,00
2.30

-
-

0.12
0.11
<0.1

-
-

2.30
2.00
0.29

-
-

1.70
1.70
1.40

.;
160
140
38
-

0.15
0,13
<0.1

-
-

<0.1
<0.1
<0.1

-
.
-
.
-

-

:.--
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Phase I Parchlorate Trealabilily Study
VOC Analytical Results Summary

SAMPLING PORT
Air Strip, Inn. (A^

AlrStrip^ Eff. £B, BS-C^
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Inn. (A)
Air Strig._ Eff JB^S^C^
Bibreacfor Influent (C)
Bioroactor Effluent (G)

Airstrip. Inn. (A)
Airstrip, Eff.|B, BS-C^
Bioreactor Influent (C)
BIoFeactor^ffluent (G)

Air Stripjnn. JA)
Air Strip. Effjp, BS-C)_
Bioreactor Innuent (C0_
§b>eacto'rEffluent(G)

Air Strip, Inn. JA)
Air Strip. Eff, (B; BS-C)
Bioreactor lnnuentJC|
Bloreactor Effluent (G)

Air Strip, InnjA)
Air Strip. Eff. (B)

Air Strip. Eff. (B; BS-C)
Bioreactor Influent (C)
BT67eabtorEffTuen'f(G) "

Air Strip. Inn. (A)
AirStrig, Eff. (BS-C)

Bloreactor Innuent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Air Strip. Eff. (B)

Air Strip. Eff. (BS-C)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strig, Inn. (A)
Air Strip. Iff: (B)

Air Strip. Eff.""(BS-C|
Bioreactor Influent (C)
Bioreactor Effluent (G)

Airjitrip. Inn. (A)
"Airstrip, Eff, (B)"""
AlrStrlp. Eff. (BS-C)

Bioreactor Influent (C)
Bloreactor Effluent (G) *

Air Strip. InH. (A)
"Air Strip. Eff; (B)
AirStrip, Eff. ̂ BS-C)

Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Inn. (A)
Air Strip. Eff^B)

Air Strig. EfyBS-CJ_
Bioreactor Influent (C)
Bloreactor Effluent (G)

Airstrip, Inn. (A)
Air Strip. El (B)

Airstrip, Eff,i§S:C)
Bloreactor fnfiuenf (Cj
Bioreactor Effluent (G)

Air Strip, Inn. (A)
Air Strip, Eff, (B)

Air Strip. Eff. (B; BS-C)
Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Air Strip. Eff. (B)'

AlrStrip. Eff. {B; BS-C)
Bioreactor Innuent (C)
Bloreactor Effluent (G)

Air Strip. Infl.JA)
""" Air Strip.'Eff. (B)
' Air Strip.' Eff. £B; BS-C}'

Bioreaclor Innuent [CJ_
Bioreactor Effluent (G)

Air Strip. Ihfl.JA)
Air Strip. Eg. (B) ~

Air SMp. Eff~B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strig. Infl. (A)
Air Strip. Eff. (B)'

Air Slrip', Eff.' (B; BS-C/'
Bioreactor Influent (C)^
Bioreaclor Effluent (G)

Air Strip, Inn. (A)
AlrStrip. Eff. (B)

Air Strip. j|ff. (B; BS-C)
' Bibfeactor Influent (C)

Bioreactor Effluent (G)
Air Slrip, Inn. (A)
AlrStrip. Eff. "(B)'

Air Strip. Eff. (B; BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Slrip. Eff. (B)

Airstrip, Eff, (B; BS-C)
Bioreaclor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. JB)

Air Strip, Ejf,JB; BS-C)
Bioreactor Influent (C)

~ Bibreaclbr Effluent (G)
Air SJrip, InfyAJ.

"Air*Strip/Eff. (B) "
Air Slrip. Eff. (BS-C)

Bioreaclor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOWRATE (GPM)
ANALYTES

Acetone (ug/l) EPA8260
Acetonejug/l)
Acetone (ug/l)
Acetone (ug/l)
Chloroform (ug/l) EPA 8260
Chloroform (ug/l)
Chloroform (ug/l)
Chloroform (ug/l)
l-Methyl-2;pentanon9 (ug/l̂  EPA 8260

4-Methyl-2-penlanoneJug/l)
4-Melhyl-2-pentanone (ug/l)
4-Methyl-2-pentanone (ug/l)
,1-Dich!oroetheneJug/£ EPA 8260

1,1-Dichloroethene (ug/l)
1 , 1 -Dichloroethenejuo./l)_
1,1-DIchloroethene(ug/l)
Tetrachloroathene (ug/l) EPA 8260
Tetrachloroethene (ug/l)
Petrachloroethene (ug/l)

Tetrachloroethene (ug/l)
Trlchloroethene (ug/l) EPA 8260
rrichloroethena (ug/l) __ _
frichloroethene £ug/l)
rrichloroethene jug/I)
rrTcHfofoetiTerie (ug/l)"
Elhanol (mg/l) EPA 502.2
Ethanol (mg/l)
Ethanol (mg/l)
Ethanol (mg/T)
Vinyl chloride (ug/l) EPA 502.2
Vinyl [chloride (ug/ij
Vinyl chloride (ug/l)
Vinyl chloride (ug/l)
Vinyl chloride (ug/l)
Trlchlorofluoromethane (ug/l| EPA 502.2
Trlchlorofluoromelhane (ug/l) ___
frichloroflubromelhane (ug/IJ_
Trlchlorofluoromethane (ug/l)
Trfchloronuoromethane (ug/l)
1,1-Dichloroethene (ug/l) EPA 502.2
1,1-Dichloroelhene(ug/l)
1,1-Dichloroethene (ug/l) ""
1,1-Dlcriloroelhene (tig/jj
1 , 1 -Dlchloroelhens (ug/l)
Melhylene chloride (ug/l) EPA 502.2
Methylene chloride (ug/l)
Vtethylene chloride (ug/IJ_
Methylene chloride (ug/l)
Methylene chloride (ug/l)
1,1-DichloroethaneJug/IJ EPA 502.2
1,1-Dichloroelhane (ug/T|
1,1-Dichloroelhane (ug/l)
1,1-Dlchloroelhane (ug/l)
1.1-Dlchloroelhane (ug/l)
cis-1 ,2-Oichloroethene (ug/l) EPA 502.2
cis-1 ,2-Dichloroelhena (ug/l̂
cis-1 ,2-Dichloroethene^ug/l)
cis-1, 2-Dichloroethene (ug/l)
ci5-1,2-DichJoroethene (ug/l)
Chloroform (ug/l) EPA 502.2
Chloroform (ug/l)
Chloroform (ug/l)
Chloroform (ug/j)
Chloroform (ug/l)
1,1,1-Trichloroethane (ug/l) EPA 502.2
1,1,1-Trlchloroethane (ug/l)
1,1,1 -frlchioroBlha'ne (ug/l)
i , 1 , 1 -Trichiofoeihane (ug7l̂
1,1,1-Trichloroethane (ug/l)
Carbon tetrachloride (ug/l) EPA 502.2
Carbon lalrachloride (ug/l) .
Carbon teirachloride (ug/l)
Carbon tetrachloride (ug/l) .
Carbon teirachloride (ug/l) '". ••
1,2-Dichloroethane(ug§ EPA 502.2
i 72-Dichio'fb"etnane"(ug/l)"
1,2-Dichlofbethane (ug/l)
1 ,2-Dichidroeth'ane (ug/l)
T.2-Dichloroethane (ug/l)
Trichloroethene (ug/l)^ EPA 502.2
Trlchloroethene (ug/l)
Trichloroethanejug/l) ,
Trichloroethene jug/I)
Trichloroethene (ug/l)
Tetrachloroethane (ug/l) EPA 502.2
Tetrachloroethene (ug/l)
Tetrachloroelhene (ug/l)
tetrachloroethene (ug/l) " 111 ... ~'.
Tetrachloroelhene (ug7i)
1,1,2-Trichloro-1,2,2-trinuoroethane (ug/l) EPA 502.2
1 . l',2-trichioro-1 .'2',2-trin'uoroethana
1 ,1 ,2-Trichlorb-1 ,2,2-triffuorbethane
1 ,1 ,2-Trichlbro-1 ,2.2-trifluoroethane
1 , 1 ,2-Trichlora-1 ,2,2-trifluoroelhane
1,1-Dlchloroethene(ug/l) EPA 601
i,1-Dichloroelhene(ug'/l)
1,1-Dlchloroathene (ug/l)
1,1-Dichloroethene (ug/l)
1.1-Dichloroelhene (ug/l)
Trichloroelhene (ug/l) EPA 601
Trichloroethene (ug/l)
Trichloroelhene (ug/l)
Trichloroethene (ug/l)
trlchibroethene (ug/l)
cis-1 ,2-Dichloroethene (ug/l) EPA 601
cis-1, 2-Dichloroethene (ug/l)
cls-1 ,2-Dlchloroethene^ug/D
cls-1,2-Dichloroelliene (ug/l)̂
cis-1, 2-Dichloroethene (ua/l)

2/27/98

25.0

-

-
-
-

.
-
-
-
-

: •--.---
._-
.

i '.. - ' "

<0.1
<0.1
<6.1

-

0.18 '
0.19
<0.1
-

10.00
10.00
6.60

-
-

<0.1
<0.1
0.32

- ~ •

1.40
1.50
1.40

-

2.40
2.50
1.80
-

"i.80
2.00
2.20

0.10
<6."1
<0.1
-

" 2.00 '
2.00

~i6.23~

'1.60
1.70
1.30
-
-

160
160
45
-
-

0.19
0.20
<0.i

6.11
<0.1
<0.1

-

-

-,

-
-
-
-
-

3/4/98

24.8

-

-

. - -_„ ...

:.-.---
.-.---
.
-

14.0

<0.1
-
-

-
<0.1

-

8.90 '
-
-
-
-

0.32

'

..

1.50

. - ..

-
2.00

-

2.10 '

<b.i

-

" 0.83

1.20
-

53
-
-

'<0.1

<0.1

-

:

.
-
-
-
-

3/5/98

24.8

-

-

-
-
-

-
-
-
-
-
-

-
-
-
-
-
-

-
-

-

-

-

-
-
-
-
-

-" '.

-
-
-
-
-
-
-

"_'
-

-

_
-

-

-

'. ' -""

-

-

-

-

-
-
-

-

-

-

-

-
-
.
-
-

3/6/98

25.0

-
. :_,_

-
-
-
-
-
.
-
.
-
-
-
.
-
-
-
-

-
-~—

-
-
- _ _

<0.1
<0.1 "

0.22
<0.1

-
-
-

11.00
0.56

-
<0.1
<0.1

-
-
-

1.60
0.13

-
-
-

2.70
6.30'

-
-
-

2.00
0.24

<0.1
<6.1

1.20
0.23

-
-
-

1.70
0.33 '

210
19 _

-
0.18
O.1

.. .- _

0.14<6/r

.

.:.... .

-
.
.
.
-

3/13/98

27.0

-
— , "_._

-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
.

160.0
100.0
'21.0'

"<0".1
<0.i
<b.i

-
-

<0.1
<0.1
<0.1

-
-

12.00
11760
8.40

-
-

<0.1
0.11
0.18

-
-

1.10
1.20
1.10

2.80
2.70
2.20

-

2.00 "
2.10
2.20'

0.14 '
' 0.16

<oT
-
-

1.60
1.50
0.29

1.50
1.40
1.10

-
-

180

-
-
-

0.21
0.15
<o.i™
;

0.25
0.18
<0.1

". -

" : "

-
-
.
-
-

3/17/98

10.3

-

- •-;- —

-

_
-
-
-
-
-
-
-
-
-
-
-
-
- •

-
-
-
-
-

:• -
<0.1
<q.'i

0.16
0.31
<o.i

-
-

<0.1
15.00
1.30

; •
6.30
0.10
0.12

-
-

0.25
1.10
0.17

-
-

1.00
4.00
0.65"
.
-

1.90
2.30
0.39

1.90
<0.1
<0.1

O.1
2.60
0.22
-
-

<0.1
1.70
0.32

1.00
250
35

- -;•
23

0.25
<0.1
.
-

<0.1
0.28
<0.'1

<0.1

-

'. '...-

.

.
-
-
-

3/25/98

<0.1

<0.1
<0.1

<0.1
12.00
1.10

•:
5.00
0.17
0.53

-
-

0.51
1.60
0.28

-
-

0.86
3.40

" 6.68
-
-

1.70
2.80
0.55

1.20
<0.1

"<6.i

<0.1
2.10
0.18

-
-

<0.1
3.20

' ' 6.27

0.93
170
29

' I '
19

0.25
<0.1

-
-

<0.1
<0.1
<0.1

<0.1

3/27/98

<0.1
<0.1

<0.1
0.15
<0.1

<0.1
12.00
1.00

•• : •
4.10
0.19
0.41

-
-

0.40
1.70
0.23

-
-

0.65
3.60
6.49

-
-

1.40
2.10
0.34

0.97
<0.1
<6.1

<0.1
2.30
0.15

-
-

<0.1
1.80

" 0.41 '

' 0.82
210
26
-

19
0.24
•=0.1

-
-

<0.1
<0.1
<0.1

<0.1

4/2/98

14.8

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-

.

-— r—
.
.

-:

<0.l'
-
-
-
-

<0.1
-
-

• :•
3.20

-
-
-
-

0.37
-
-
-
-

0.69
.-

-
-

1.50
-

1.10

. ..-.

<0.1
-
-
-
-

<0.1

0.80
-
-

:•
20
-
.
-
-

<0.1

;

<0.1

-

.......

_

-
-
-
-
-

4/10/98

17.5

-
-
-
-
-
-

-
-
-
-
-
-
-
.
-
-
-
-
-

-

..--_.. _

-
-

.. -.. .

" <o.T "
-
-
-
-

<0.1
-
.
-

3.40
-
-
-
-

6.15
-
-
-
-

0.52
-_

-
-

1.20
-

0.79

-,

<0.1
-
-
-

<6.'i

0.69
-
-

"I •
19
-
-
-
-

<0.1
-

<0.1

.

... .-,.

_

-

-,,._- —
-
-

4/15/98

15.2

-
-
-
-
-
-

-;-• '
_
-
.
-
-
.
.
-
.
.
-
-
-

-
— ~—

-
-

, -

' <o".i" "
-
-
-
-

<0.t
.
.

:-
3.20

-
-
-
.

0.18
-
-
-
-

0.49

_'
-
-

1.20
-

6.74 "

<0.1
-
-
.

' <f.i"~

0.67 "
-
-

:
14
-
-
-
-

<0.1

• • :
<0.1

-

.' .ry.T
_-...-

4/24/98

-
.
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-

— :._
.

-_-_:..,„
.

- --" -

<6.i "
-
-
-
.

<0.1
.

" '3.10
.
-
.
-

0.22
-
-
-
-

0.47

• -: -..
1.30
-

0.72

-

<0.1
-
-
-

<0."1 '

0.64
-

>"

20
.
-
-
-

<=0.1

;

<0.1

-

I.- ,-,. '.

_

.

.

.
-
-

5/13/98

10.0

-
-
-
-
-
-
-

.
-
-
-
-
-
-
-
-
-
-
-

—— - ——

-
-
-
-

_-,..-, —

<0.1 ""
-
-
-
.

<0.1
.

1.10
-
-

-
<0.1

-
-
-
-

0.21

;
• : • • •

0.80
-

0.34

-

<0.1

• :
<0.i'

0.30

9
-
-
-

<0.1

;

<0.1

-

.-V.

.

.

.

.
-

5/18/98

9.8

-
-
-
-
-
-

.
-
-
-
-
-
-
-
-
-
.
-
-
-

__-,." ...

.

— ".

<0.1

0.16
-
-
-
-

6.00

0.22

- " • —

-
1.60

-
-

• •:•
3.30

:
-

2.00

- '

<=0.1

-
2.30

~^r-\
190

-
0.18

-
<0.1

-

-

-

- : - • •
-

=

5/19/98

-
-
~

-
-
-

,
-

""_
-

• • ;
.

..
.-

.

.

<0.1
<0,1

<0.1
<0.1

1,50
'2.00

0.11
0.11
.

0.15
0.23

;
0.87
i.io

0.32
0.40

<0.1
<0.1

0.20
0.23

0.32
0.37

10
12

<0.1
<0.1

<0.1
<0.1

-

-

-

-

5/21/98

_

-

-

-
-

• ; -

= .= = .

-

.
" - " "

<0.1
<0.1

<d.i
<0.1

2.10
2.20

<0.1
<0,1

0.28
0,18

1,50
1.40

0.52
0.40

<0.1
<0.1

<0.1
<0.1

0.52
0.36

15
16

<0.1
<0.1

<0.1
<0.1

-

-

-
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Phase I Perchlorale Treatabilily Study
VOC Analytical Results Summary

SAMPLING PORT
Air Slflp, Inn. (A)

Air Slrlp. Eff. (B, BS-C)
Bioreactor Influent (C)
Bloraactor Effluent (G)

Air Strip^ Infl.JA^
' Air Strip." Eff." (B. BS-C)~

Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. Infl. (A)
Air Slrip, EffJB, BS-CJ
Bioreactor Influent (CJ

"Bioreactorlffluent(G)
Air Strip. Infl. (A)

AirStrig. Eff.jB, BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Slrip. Infl. (A)
Air Strip. Eff, (B; BS-C)
Bjoreacfpr Jnfluent (C)J
Bioreactbr Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. (B)

AJr Strip, Eff,£B; BS-C)
Iloreactor Influent (C)
Sloreactor Effluent (G) "

Air Strip. Infl. (A)
Air Strip. Eff. (BS-C)

Bloreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Airstrip, Eff. (B)

Air Strip. Eff. (BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Slrip, Infl. (A)
Air Strip. Eff. (B)

Air Strip. Eff. (BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. JA)
AirStrlp. Eff. (B)

Air Strip". Ety BS-C)
Bioreactor Influent (C)
Bloreactor Effluent (G)

Air Strip, Infl. (A)
Air Strip, Eff. (B)

Air Strip, Eff, (BS-C)
Bloreactor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A£
Airstrip. Eff. (B)

Air Strip. Eff. (.BS-C)
Bldreactor influent (CJ
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip^Eff.JB)

Airstrip, Eff. "(BS-C)
Bloreactor Influent (C)
Bioreactor Effluent (G)

Airstrip, Infl. (A)
Air Strip. Eff. (B)

" Air Strip? Eff."(B; BS-C) '
Bioreactor Influent (C)
Bloreactor Effluenf(G)

Air Strip. InflJAJ
Air Strip, "Eff. (B)

Air Strip, Eff. (B; BS-C)
Bioreaclor Influent (C)
Bloreactor Effluent (G)

Air Strip. Infl. (A)
Air Strip. Eff. (B)

Air Strip. Eff. (B; BS-CJ_
Bioreaclor InfluenyCJ

"Bioreactor Effluent (G)™
Air Strip, *ifl. (A)
Air Strip. Eff. (B)

Air Strip. Eff.'fS; BS-C)
Bioreaclor Influent (C)
Bioreactor Effluent (G)

Air Strip, Infl. (A)
Air Strig.Jff.JB)

' Air Strfg. Eff. (B; BS-Cj
Bioreactor Influential
Bioreactor Effluent (G)

Air Strip. Infl, (A)
" ' Air s"trtfL Eff. (B)' " "
Airstrip. Eff. (B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Strip. JnOJAX
Air Stri£. Eff. (BJ """

Air Strip. Eff. (B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Airstrip. Infl. (Al
Air Strip, Eff. (B)

AlrStrip. Eff. (B; BS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

Air Slrlp. Infl. (A)
Air Strip, Eff. (BY

Air Strip. Eff. (B; BS-C)
Bloreactor Influent (C)

. Bloreactor Effluent (G)
Air Strip. Infl, (A)
AlrSlrtg. Eff.fBJ

Air Strip_, EfyBS-C)
Bioreactor Influent (C)
Bioreactor Effluent (G)

DATE SAMPLED

INFLUENT GW FLOW/RATE (GPM)
ANALYTES

Acetone (ug/l) EPA 8260
Acetone (ug/l)
Acetone (ug/l̂
Acetone (ug/l)
Chloroform (ug/l) EPA 8260
Chloroform (ug/l) __
Chloroform (ug/1)
Chloroform (ug/l)
4-Methyj-2:pentanane (ug/l) EPA 8260
i-Mathyl-2-pentanone (ug/l)

4-Methyl-2-pentanone (ug/l)
4-Methyl-2-pentanone (ug/l)
,1-Dichloroethene (ug/l) EPA82SO
,1-Dichloroethene (ug/l)
,1-Dichloroethene (ug/l)
,1-Dichloroethene (ug/l)
'etrachloroethene (ug/l) EPA 8260
'etrachloroelhens (ug/l)
'etrachloroethene (ug/l)
'etrachloroethene (ug/l)

TrlchloroetheneJug/JLEPA8260 • "
"rlchioToethene (ug/l) - - - • " •
"rlchloroethenejug/l̂  __ _
"richlofoethenB (ug/l)

Trichioroethene (ug/l)
Ethanol (mg/l) EPA 502.2
Ethanol (mg/l)
Ethanol (mg/l£
Ethanol (mg/l)
Vinyl chlorida (ug/l] EPA 502.2
Vjnyichlbrida'jug/i)
Vinyl chloride (ug/l)
Vinyl chloride (ug/l)
Vinyl chlorida (ug/l)
Trichlorofluoromethane (jjg/l) EPA 502.2
rrlchlorofluoromethane (ug/l)

Trlchlorofiuoromethane (ug/i)
frichlorofluoromethane (ug/l)

Trichlorofluoromethane (ug/l)
1,1-Dichloroethene(ug/l) EPA 502.2
1,1-Dichloroethene (ug/j)
1 ,'1 -DicKforoethene"(ug/ll
1,1-Dichloroethene (ug/l)
1,1-Dichloroelhene (ug/l)
Methylene chloride (ug/l) EPA 502.2
Methylene chloride (ug/l)
Methylene chloride (ug/l)
Methylene chloride (ug/l)
Methylene chloride (ug/l)
1 ,1 -Dichloroethane (ug/l) EPA 502.2
1,1-DIchloroethane (ug/[)_
1,1 -Dichloroethane (ug/l)
1,1-Dichforoethane(ug7l)
1,1-DichloroethanB (ug/l)
cis-1 ,2-Dichloroethene (ug/l) EPA 502.2
cis-1,2-Dlchloraethena (ug/l)
cls-1 ,2-Dlchloroelhane Jug/I)
cls-1 ,2-Dichloroethene (ug/l)
cis-1, 2-Dlchloroethene (ug/l)
Chloroform (ug/l) EPA 502.2
Chtoroform_(ug/l)
Chloroform" (ug/l)
Chloroform (ug/IJ
Chloroform (ug/l)
1,1.1-Trichloroethanajug/!) EPA 502.2
1,1.1 -Trichlorpethane (ug/l)
1,1,1-Trichloroethane (ug/i)
1 , 1 ,1 -Trichloroeihane Jug/IĴ
T.l.i-frichloroethans (ug/l)
Carbon tetrachloride (ug/l) EPA 502.2
Carbon talrachloride (ug/l)
Carbon tetrachloride (ug/l)
Carbon tatrachloride (ug/l)
Carbon tetrachloride (ug/l)
1,2-Dichloroelhane(ug/l) EPA 502.2
1,2-Dichloroethane (ug/l)
1 ,2-Dichloroethane (ug/l)
i,2-bichioroethane (ug/l)
1,2-Dlchloroethane (ug/l)
Trichlorosthene (ug/IJ_ EPA 502.2
Trichioroethene Jug/I)
Trichioroethene (ug/l)
Trichioroethene [ug/l̂
Trichioroethene (ug/l)
Tetrachloroethene (ug/l) EPA 502.2
Tetrachloroethene (ug/l)
Tetrachloroethene (ug/l)
Tetrachloroethene (ug/l)
Tetrachloroethene (ug/l)
1,1,2-Trichloro-1,2,2-trifluoro8thanB (ug/l) EPA 502.2
1 ,1 ,2-Trichloro-1 ,2,2-trifluorosthane
1.1,2-Trichloro-1,2,2-trifluoroelhane
1 , 1 ,2-Trichloro-1 ,2,2-trifiuoroeihane
1,1.2-Trichlora-1,2,2-trifluoroelhane
1,1-Dichloroethene (ug/l) EPA 601
1,1-bfcriioroelhene(ug/lj'
1,1-Dichloroethene (ug/l)
1.1-Dlchloroethena (ug/l£
1.1-Dichloroelhene (ug/l)
TrlchlprgalriBne (ug/l) EPA 601 _ _
Trichforoethens (ug/l)
TrlchloroBtrieha (ug/i)
Trichioroethenejug/l)
Trichioroethene (ug/l)
cls-1 ,2-DlchloroBlhBne (ug/l) EPA 601
cis-1,2-Dicnloro6lriene fug/I)
cis-1 ,2-Dichloroethene (ug/̂
dihi72-dichioroethens (ug/l)"
cls-1, 2-Dichloroeth8ne (ug/l)

-.

5/22/98

-

-
-
-
-
-
-
-
-
-
-

-
.

. ' . : . ,
-

. . ..• _
-

-

-

-

r

-

-
-

-
-
-
-
.
-
-

.-. ',

-
-
-
-
-

-f-^-
•^ "'-

-
-
-

1

-
-
-
-
-
-
-

-

<5
<5

2200
2100

~<S "
<5

5/24/98

15.0

-

-
-

r
-
-
-
.:„..
-
-
-
-
-
-
-

-

.
-

.; •

-

-

-
-
-
-

-

-
-

-
-
-
.
-
.
-

7

-

-

-

-

-

-

-

-

-

-

-

-

.

.

-

-

-

-

-

-

5.8
<5

250
280

<5
<5

5/27/98

26.0

-

-
-

-~- -

-
-
-
-

-
-

" '. -

_

•

-

-

-

-
-

--

-

-
-
-
-
-

-

-
-

-
-
-
-
-
-

-...

-

-
-
-
-
-
-
.

-

-
-
-

_
-
-

. ,_-... -

-
-
-

-

<5
6.1
8.2
<5

13
240
2"80"~
230

<5 "
67
<5~"
<S

6/9/98

19.8

:._..
-
-
-
-
-
-
-
-

-
-

__1 _

-
-
-
-

-
-
-

_.: —
-
-

<0.1
<oT
0.1
0.3

<0.1
0.16
<0.'1
<£1 "

-
<0.1
7.80
6.SO
4.80

0.39
0.28
<0.1

"0.27
-

<0.1
1.70

' i'.so
6.46

-
0.18
3.70
4.00
4.10

-
0.15
2.00
1.90"
1.50

"<o.i~
0.21"
0.'15

" <0.1
-

<0.1
2.40
1.70
0.30
-

0.15
1.80
1.60
1.30
-

5.7
480
430
220"
-

<0.1
0.26
0.17
<0.1

-
-

0.25
0.14
<0.1

-

-
-

.... : ._

- • "—

-

6/11/98

20.0

-

.
-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-

. . . "

-
-
-

;
---

<0.1
<b.i
<0.1
0.2

<0.1
0.38
<0.1 '
<0.1

-
<0.1

10.00
10.00
8.30

<0.1
<0.1
0.21
0.39

-
<0.1
1.80
1.70
1.40" '

-
0.25
3.60
6.80
11.00

-
<0.1
27io
2.20" "
2.30

r

<0.1
0.20
0.19
0.11

-
<6.1
2.40
1.70
0.31
-

0.18
3.90
1.80
1.60
-

1.6
250
230
210
-

O.1
0.27
0.18
<0.1

-
<0.1
<0.1
o.is
<0.1

' -
-
-

- -I

— '_--

-

6/12/98

19.9

-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-
-

-
-
-

-:• •---
<0.1
<0.1
<0.1"
<d.i

-
<0.1
0.27
•iO.1
<0.1

-
<0.1
9.40
9.80
8.70

<0.1
<0.1
0.13
0.15

-
<0.1
1.60
1.60

' 1.40""
-

0.17
3.30
4.70
6.40

-
<0.1
1^80 "
2.10"
2.10
-

<0.1
o.is
o.'is
0.11

-
<b.i
2.10
1.60
0.40

-
0.21
3.50
1.70
0.64

-
1.9
250
210
180
-

•=0.1
0.22
0.17
<=0.1

-
<0.1
0.20
ai3
<0.1

-
-
-

•~~-~

L -..,.

-

6/14/98

20.3

-

-
-
-
-
-
-
-
-
-
-
-
-
-
.
-
-
-

~. -. .

-
.
-

• :---
<0.1
<0.1
<o"i
<0.1

-
<0.1

" 0.16
6.14
<0.1

-
<0.1
7.60
8.00
6.10

<o.i
0.29
6.16
0.83

-
<0.1
1.50
1.60

' 1.30"
-

<0.1
3.10
4.80"
6.20

-
<0.1
1.70"

' '2.10'
2.10

-
<0.1
0.14

"o.is"
<0.1

-
<0.1
2.00
1.60
0.32

-
0.12
1.50
1.60
1.80
.

0.87
190
180
170
-

<0.1
0.20
0.16
<0.1

-
<0.1
0.16
<6.1
<0.1

-
-
-

- . ' .

- •"_'-

-

6/15/98

20.0

- ,

-

.
-
-
-
-
-
-
-
-
.
-
.
-
-
.

. ..-. -

-
-
-
•

-
-

<0.10
<0.10

<6.io
<0.10
<0.10

<0.10
6.70
<0.10
.
-

6.20
<0.10
<0.10'

0.14
1.50

<0.10
-

' 1.4*0"
3.10
O.10

-
-

6.80
1.70

<g.io

2.30
<0.10
<0.10

6.11
2.10
<0.10
.
-

0.38
1.60
0.18

-

1.40
210
1
-
-

180
0.19

<0.10
-
-

<0.10
<0.10
<0.10

<0.10

<5
7.8
9.6
7.6

" <s"
280

' '330
'260"

" <5 "
' ' <5 "
" ' <5

<5

6/16/98

20.0

-

-
-
-

___-_ _

-
-
-
-
-
-
.
-
-
-
-
-

.,.!..

-
-
-
-

-
-
-

.-.

-
-

.".'-'

-
-
-
-
-
-

-

-
-
-
-

• • : • •-.
—~-..
.":" '.
.
-

.......
-
-
-
.
.
-
-

-
-
.
-
.
.
-
-
.
-
-
-
.

-

<5
6.0

" <5.0"
<5.0

"~<5Tr~
" 2~io"
" '220 '
' TTO

~~^s'
'" <5

<5 '
<5

6/17/98

19.9

• -

-
-
-

--_ ——
-
-
-
-
-
-
-
-
.
-
-
.
-

-
-
-

."

-
-
-

.-

-
-

-

-
-
-

-

-
-
-
-
-

-
-

-
-

.. ,.:.. .

.
-

. ;........
.
.....— i—....
-

<5.0
<5.0
<5.0~"
<5.0

" iBTo"
210.'0

' 200.0"
""160 '

""if"
~"<5

<5~~
<S

6/19/98

__ _ _

_____ .

_ . _ . . .

_ .

<5
9.10 '
8.90
7.80

"<5xT~
"iso.o"

180.0"
'" 160 '"

..__...

"<5
<5
6.1

Harding Lawson Associates Page3



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents-Pesticide*

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates
1026S Rockinghaa Or. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907-1A

Date Sampled: 06/18/98
Date Received: 06/18/98
Date Extracted: 06/23/98
Date Analyzed: 06/27/98
Date Reported: 07/07/98
Client ID No.: R061898

Analyte

2,4,5, 6-tetrachloro-m-xylene
Decachlorobiphenyl

Analyte HW No.

chlordane 39350
Endrin 39390
Heptachlor 39410
Lindane 39340
Methoxychlor 39480
Toxaphene 39400

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: 22667A

Instrument ID: 6C021
Analyst ID: NGOCDUNG

Matrix: SOLID

SURROGATE

HW NO.

877-09-8
2051-24-3

Sample: R061898

Results
(mg/L)

ND
ND
ND
NO
ND
ND

Surr Cone.
(mg/L)

0.00250
0.00250

Rep. Limit
(mg/L) Method

0.020
0.010
0.0050
0.0050
0.050
0.20

8080
8080
8080
8080
8080
8270

Surrogate
Recovery
(percent)

79
80

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA OOHS CLAP Accreditation/Registration m»n«r 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents-Pesticides

TCLP Semi-volatiles Extraction

Client; Harding Lawson Associates
10265 Rockinghaa Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/27/98
Date Reported: 07/07/98

150
Project No.: 39860.353

Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER
22667A
GC021

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: NOOCDUNG

Matrix: SOLID

MB SURROGATE

Analyte

2,4,5, 6-tetrachloro-m-xy lene
Oecachlorobiphenyl

Analyte

Chlordane
Endrin
Heptachlor
Lindane
Methoxychlor
Toxaphene

HW No.

39350
39390
39410
39340
39480
39400

HW No.

877-09-8
2051-24-3

METHOD BLANK

Results
(mg/L)

NO
NO
NO
NO
NO
NO

Surr Cone.
(mg/L)

0.00250
0.00250

Reporting
Limit
(mg/L)

0.020
0.010
0.0050
0.0050
0.050
0.20

MB
Surrogate
Recovery
(percent)

61
60

Method

8080
8080
8080
8080
8080
8080

NO Not detected at or above indicated Reporting Limit

CA WHS EUU* Accr«d1t4t1eft/ltag1fttrat1<Mi (

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Seni-volatiles Organic Constituents-Pesticides

TCLP Seai-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/27/98
Date Reported: 07/07/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER
22667A
GC021
NGOCDUNG
SOLID

Job No.
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

Analyte

RELATIVE % DIFFERENCE(cont.)

HW No.

Relative
Percent
Difference
(percent)

Endrin
Heptachlor
Lindane

39390
39410
39340

5
15
3

i

I

CA OOKS EUV «ccr*d1t*ttoft/»*gUtrat1m

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents-Pesticides

TdiP Semi-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockinghaa Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/27/98
Date Reported: 07/07/98

Project No.:
150 Contact:

Phone:
Lab Contact:
Lab ID No.:

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793
George Hampton
P4907
814907
NO NUMBER
22667A
GC021
NGOCDUNO
SOLID

Analyte

LCS SURROGATE

HW No.
LCS Cone.
(mg/L)

LCS
Surrogate
Recovery
(percent)

2,4,5,6-tetrachloro-m-xylene
Decachlorobiphenyl

877-09-8
2051-24-3

LAB CONTROL SAMPLE

0.00250
0.00250

77
65

Analyte HW No.
LCS Cone.
(mg/L)

LCS
Recovery
(percent)

Endrin
Heptachlor
Lindane

39390
39410
39340

0.00250
0.00125
0.00125

101
121
46

CA OOHS EUW McridlUttai/MgUtntlai MMw 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



1
1
1
1
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents-Pesticide*

XCXiP Semi-volatile* Extraction

Client: Harding Lawson Associate* Project No.: 39860.353
10265 Rockinghaa Dr. STE 150 Contact: John Catts
Sacramento, CA 95827 Phone: (916)364-0793

Project: Aerojet Perchlorate Lab Contact: George Haapton
Lab ID No.: P4907

Date Extracted: 06/23/98 Job No.: 814907
Date Analyzed: 06/27/98 COC Log No.: NO NUMBER
Date Reported: 07/07/98 Batch No.: 22667A

Instrument ID: OC021
Analyst ID: NGOCDUNO

Matrix: SOLID

MS SURROGATE

MS Surr.
Cone.

Analyte HW No. (mg/L)

2, 4, 5, 6-tetrachloro-m-xylene 877-09-8 0.00250
Decachlorobiphenyl 2051-24-3 0.00250

MATRIX SPIKE

MS Cone.
Analyte HW No. (mg/L)

Endrin 39390 0.00250
Heptachlor 39410 0.00125
Lindane 39340 0.00125

HSD SURROGATE

Surr.
Cone.

Analyte HW No. (mg/L)

2, 4, 5, 6-tetrachloro-m-xylene 877-09-8 0.00250
Decachlorobiphenyl 2051-24-3 0.00250

MATRIX SPIKE DUPLICATE

MSD Cone.
Analyte HW No. (mg/L)

Endrin 39390 0.00250
Heptachlor 39410 0.00125
Lindane 39340 0.00125

RELATIVE % DIFFERENCE

Analyte HW No.

u mm lUf Wcradiutlon/Mgutratlen lM*ir 1131

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510

MS
Surrogate
Recovery
(percent)

93
77

MS
Recovery
(percent)

98
88
40

MSD
Surrogate
Recovery
(percent)

55
84

MSD
Recovery
(percent)

103
76
39

Relative
Percent
Difference
(percent)



CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents

TCLP Semi-volatiles Extraction

I
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Client: Harding Lawson Associates
10265 Rockingham Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Sampled: 06/18/98
Date Received: 06/18/98
Date Extracted: 06/23/98
Date Analyzed: 06/25/98
Date Reported: 06/29/98
Client ID No.: R061898

Project No.:
150 Contact:

Phone:

Lab Contact:
Lab ID No.:

Job No. :
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

R061898

39860.353
John Catts
(916)364-0793

George Hampton
P4907-1A
814907
NO NUMBER
22667B
MS003
KALVINL
SOLID

Analyte

Cresols, total
2 , 4-Dinitrotoluene
Hexachlorobenzene
Hexachloro-1, 3 -butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2,4, 5 -Trichlorophenol
2,4, 6 -Trichlorophenol

HW No.

D026
D030
D032
D033
D034
D036
D037
D041
D042

Results
(mg/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND

Rep. Limit
(mg/L)

0.20
0.10
0.10
0.10
0.10
0.10
0.50
0.10
0.10

Method

8270
8270
8270
8270
8270
8270
8270
8270
8270

Dilution
(factor)

1.0
l.O
l.O
1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accredicacion/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted:
Date Analyzed:
Date Reported:

06/23/98
06/25/98
06/29/98

Project No. :
Contact:

Phone:

Lab Contact:
Lab ID No.:

Job No. :
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
22667B
MS003
KALVINL
SOLID

METHOD BLANK

Analyte

Cresols, total
2 , 4-Dinitrotoluene
Hexachl o robenz ene
Hexachloro-1, 3 -butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2,4, 5-Trichlorophenol
2,4, 6-Trichlorophenol

HW No.

D026
D030
D032
D033
D034
D036
D037
D041
D042

Results
(mg/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND

Reporting
Limit
(mg/L)

0
0
0
0
0
0
0
0
0

20
10
10
10
10
10
50
10
10

Method

8270
8270
8270
8270
8270
8270
8270
8270
8270

ND Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 9S742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted: 06/23/98
Date Analyzed: 06/25/98
Date Reported: 06/29/98

Project No.: 39860.353
Contact: John Catts

Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID

Job
COC Log
Batch

Instrument
Analyst

No. : P4907
No. : 814907
No. : NO NUMBER
No. : 22667B
ID: MS003
ID: KALVINL

Matrix: SOLID

Analyte

Cresols, total
2 , 4-Dinitrotoluene
Hexachlorobenzene
Hexachloro- 1 , 3 -butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2,4, 5 -Trichlorophenol
2,4, 6 -Trichlorophenol

MATRIX

HW No.

D026
D030
D032
D033
D034
D036
D037
D041
D042

SPIKE

MS Cone.
(mg/L)

3 .00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

MS
Recovery
(percent")

64
77
75
55
53
81
50
77
77

MATRIX SPIKE DUPLICATE

Analyte

Cresols, total
2 , 4-Dinitrotoluene
Hexachlorobenzene
Hexachloro- 1, 3 -butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2,4, 5 -Trichlorophenol
2,4, 6 -Trichlorophenol

Analyte

Cresols, total
2 , 4 -Dinitrotoluene
Hexachlorobenzene
Hexachloro- 1, 3 -butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2,4, 5 -Trichlorophenol

HW No.

D026
D030
D032
D033
D034
D036
D037
D041
D042

RELATIVE % DIFFERENCE

HW No.

D02S
D030
D032
D033
D034
D036
D037
D041

MSD Cone.
(mg/L)

3.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

MSD
Recovery
(percent)

52
72
77
51
61
65
58
64
62

Relative
Percent
Difference
(percent)

21
7
3
8
14
22
15
18

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted: 06/23/98
Date Analyzed: 06/25/98
Date Reported: 06/29/98

Project No.: 39860.353
Contact: John Catts

Phone: (916)364-0793

Lab Contact
Lab ID No.

Job No.
COC Log No.
Batch No.

Instrument ID
Analyst ID: KALVINL

Matrix: SOLID

George Hampton
P4907
814907
NO NUMBER
22667B
MS003

Analyte

RELATIVE % DIFFERENCE(cont.)

HW No.

Relative
Percent
Difference
(percent)

2,4,6-Trichlorophenol D042 22

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova. CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/25/98
Date Reported: 06/29/98

Project No. :
Contact:

Phone:
Lab Contact:
Lab ID No. :

Job NO. :
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
22667B
MS003
KALVINL
SOLID

Analyte

LAB CONTROL SAMPLE

HW No.
LCS Cone.
(mg/L)

LCS
Recovery
(percent)

Cresols, total
2,4-Dinitrotoluene
Hexachlorobenzene
Hexachloro-1,3-butadiene
Hexachloroethane
Nitrobenzene
Pentachlorophenol
2.4.5-Trichlorophenol
2.4.6-Trichlorophenol

D026
D030
D032
D033
D034
D036
D037
D041
D042

00
00
00
00
00
00
00
00
0.0

56
74
70
32
39
69
48
62
69

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova. CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Priority Pollutant Metals, EPA Methods 6010/7000

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project No.:
Contact:
Phone:

39860.353
John Catts
(916)364-0793

Project: Aerojet Perchlorate
Date Sampled:

Date Received:
Date Extracted:
Date Analyzed:
Date Reported:
Client ID No.:

Analyte

Ag (Silver)
As (Arsenic)
Be (Beryllium)
Cd (Cadmium)
Cr (Chromium)
Cu ( Copper )
Hg (Mercury)
Ni (Nickel)
Pb (Lead)
Sb (Antimony)
Se (Selenium)
Tl (Thallium)
Zn (Zinc)

06/18/98
06/18/98
07/07/98
07/07/98
07/10/98
R061898

CAS No.

7440-22-4
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8
7439-97-6
7440-02-0
7439-92-1
7440-36-0
7783-00-8
7440-28-0
7440-66-6

Sample:
Results
(rag/kg)

NO
ND
ND
ND
ND
5.8
ND
ND
ND
ND
ND
ND
31

Lab Contact:
Lab ID No.:

Job No.:
COC Log No . :
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

R061898

Rep. Limit
(mg/kg)

2.5
0.50
0.50
1.0
5.0
5.0
0.10
10
10
10
0.50
1.0
5.0

George Hampton
P4907-1C
814907
NO NUMBER
M980707B
INMZZ
PON6C
SOLID

Method

6010
7060
6010
6010
6010
6010
7471
6010
6010
6010
7740
7841
6010

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA DOHS CUP Accr«4j1tation/ftogtstr*tiai HUMCMT 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents-Herbicides

TCLP Semi-volatiles Extraction

Client: Harding Laws on Associates Project No.:
10265 Rockingham Dr. STE 150 Contact:
Sacramento, CA 95827 Phone:

Project: Aerojet Perchlorate Lab Contact:
Lab ID No.:

Date Sampled: 06/18/98 Job No.:
Date Received: 06/18/98 COC Log No.:
Date Extracted: 06/22/98 Batch No.:
Date Analyzed: 06/25/98 Instrument ID:
Date Reported: 06/26/98 Analyst ID:
Client ID No.: R061898 Matrix:

SURROGATE

Analyte

2 , 4-Dichlorophenol

HW No.

120-83-2

39860.353
John Catts
(916)364-0793
George Hampton
P4907-1A
814907
NO NUMBER
22684
GC020
NGOCDUNG
SOLID

Surr Cone.
(mg/L)

500

Surrogate
Recovery
(percent)

105
R061898

Analyte

2,4-D
2,4,5-TP (Silvex)

HW No.

39730
D017

Results
(rog/L)

ND
ND

Rep . Limit
(mg/L)

5.0
0.50

Method

8150
8150

Dilution
(factor)

1.0
1.0

ND - Not detected at or above indicated Reporting Limit

CA OOHS CLM» AccrvdlUtfon/ltaglstratlofi

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles

TCLP Semi-volatiles

Client: Harding Laws on Associates
10265 Rockingham Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/22/98
Date Analyzed: 06/25/98
Date Reported: 06/26/98

Analyte HW No.

2,4-Dichlorophenol 120-83-

Analyte HW No.

2,4-D 39730
2,4,5-TP (Silvex) D017

Organic Constituents -Herbicides
Extraction

Project No.: 39860.353
150 Contact: John Catts

Phone: (916)364-0793
Lab Contact: George Hampton

Lab ID No . : P4907
Job No.: 814907

COC Log No. : NO NUMBER
Batch No.: 22684

Instrument ID: GC020
Analyst ID: NGOCDUNG

Matrix: SOLID

MB SURROGATE

Surr Cone.
(mg/L)

2 500
METHOD BLANK

Reporting
Results Limit
(mg/L) (mg/L)

ND 5.0
ND 0 . 50

*

MB
Surrogate
Recovery
(percent)

104

Method

8150
8150

ND - Not detected at or above indicated Reporting Limit

CA OOHS ELN> AccrxUtttlon/Mgfitratlm tutor 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Semi-volatiles Organic Constituents -Herbicides

TCLP Semi-volatiles Extraction

Client: Harding Lawson Associates Project No.: 39860.353
10265 Rockingham Dr. STE 150 Contact: John Catts
Sacramento , CA 95827 Phone: (916)364-0793

Project: Aerojet Per chlorate Lab Contact: George Hampton
Lab ID No.: P4907

Date Extracted: 06/22/98
Date Analyzed: 06/25/98
Date Reported: 06/26/98

Analyte

2 , 4-Dichlorophenol

Analyte

2,4,5-TP (Silvex)

Analyte

2, 4-Dichlorophenol

Analyte

2,4,5-TP (Silvex)

Analyte

2,4,5-TP (Silvex)

Job No.: 814907
COC Log No . : NO NUMBER

Batch No.: 22684
Instrument ID: GC020

Analyst ID: NGOCDUNG
Matrix: SOLID

MS SURROGATE

MS Surr.
Cone.

HW No. (mg/L)

120-83-2 500
MATRIX SPIKE

MS Cone.
HW No. (mg/L)

D017 100
MSD SURROGATE

Surr.
Cone.

HW No. (mg/L)

120-83-2 500
MATRIX SPIKE DUPLICATE

MSD Cone.
HW No. (mg/L)

D017 100
RELATIVE % DIFFERENCE

HW No.

D017

MS
Surrogate
Recovery
(percent)

89

MS
Recovery
(percent)

108

MSD
Surrogate
Recovery
(percent)

110

MSD
Recovery
(percent)

138

Relative
Percent
Difference
(percent)

24

CA OOHS CLAP Acer*dltit1on/M«g1*trat1on Hunter 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs

Analysis Report: TCLP Semi-volatiles Organic Constituents -Herbicides
TCLP Semi-volatiles Extraction

Client: Harding Laws on Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/22/98
Date Analyzed: 06/25/98
Date Reported: 06/26/98

Project No.: 39860.353
Contact: John Catts

Phone: (916)364-0793
Lab Contact: George Hampton

Lab ID No . : P4907
Job No.: 814907

COC Log No.: NO NUMBER
Batch No.: 22684

Instrument ID: GC020
Analyst ID: NGOCDUNG

Matrix: SOLID

LCS SURROGATE
,

Analyte HW No.

2,4-Dichlorophenol 120-83-2

LCS Cone.
(mg/L)

500

LCS
Surrogate
Recovery
(percent)

89
LAB CONTROL SAMPLE

Analyte HW No.

2,4,5-TP (Silvex) D017

CA DOHS fUf Accr«d1t*t1on/MgUtr*t1on

3249 Fitzgerald Road Rancho Cordova, CA

LCS Cone.
(mg/L)

100

MM>*r 1IM

95742 (916)638-7301 Fax (916) 638-4510

LCS
Recovery
(percent)

114
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CLS Labs

Analysis Report: Priority Pollutant Metals, EPA Methods 6010/7000

Client: Earding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 07/07/98
Date Analyzed: 07/07/98
Date Reported: 07/10/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID Ho.: P4907

814907
NO NUMBER
M980707B
INMIZ

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: PON6C

Matrix: SOLID

METHOD BLANK

Analyte

Ag
As
Be
Cd
Cr
Cu
Hg
Nl
Pb
Sb
Se
Tl
Zn

(Silver)
(Arsenic)
(Beryllium)
(Cadmium)
(Chromium)
( Copper )
(Mercury)
(Nickel)
(Lead)
(Antimony)
(Selenium)
(Thallium)
(Zinc)

CAS No.

7440-22-4
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8
7439-97-6
7440-02-0
7439-92-1
7440-36-0
7783-00-8
7440-28-0
7440-66-6

Results
(mg/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Reporting
Limit
(mg/kg)

2.5
0.50
0.50
1.0
5.0
5.0
0.10
10
10
10
0.50
1.0
5.0

Method

6010
7060
6010
6010
6010
6010
7471
6010
6010
6010
7740
7841
6010

ND Not detected at or above indicated Reporting Limit

CA CONS CLAP'Accr*dttattan/f)«iitxtrat1aM HuHbvr 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Priority Pollutant Metals, EPA Methods 6010/7000

Client: Harding Lawson Associates
10265 Rockingham Dr. STB 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Date Extracted:
Date Analyzed:

07/07/98
07/07/98

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER

Job No.:
COC Log No.:

Date Reported: 07/10/98 Batch No.: M980707B
Instrument ID: INMIX

Analyst ID: PONGC
Matrix: SOLID

LAB CONTROL SAMPLE

Analyte

Ag (Silver)
As (Arsenic)
Be (Beryllium)
Cd (Cadmium)
Cr (Chromium)
Cu ( Copper )
Hg (Mercury)
Nl (Nickel)
Pb (Lead)
Sb (Antimony)
Se (Selenium)
Tl (Thallium)
Zn (Zinc)

Analyte

Ag (Silver)
As (Arsenic)
Be (Beryllium)
Cd (Cadmium)
Cr (Chromium)
Cu ( Copper )
Hg (Mercury)
Ni (Nickel)
Pb (Lead)
S b ( Ant imony )
Se (Selenium)
Tl (Thallium)
Zn (Zinc)

CAS No.

7440-22-4
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8
7439-97-6
7440-02-0
7439-92-1
7440-36-0
7783-00-8
7440-28-0
7440-66-6

LAB CONTROL

CAS No.

7440-22-4
7440-38-2
7440-41-7
7440-43-9
7440-47-3
7440-50-8
7439-97-6
7440-02-0
7439-92-1
7440-36-0
7783-00-8
7440-28-0
7440-66-6

LCS Cone .
(mg/kg)

2.50
2.00
2.50
2.50
10.0
12.5
0.525
25.0
25.0 ,
25.0
2.00
2.00
25.0

SAMPLE DUPLICATE

LCS Cone.
(mg/kg)

2.50
2.00
2.50
2.50
10.0
12.5
0.525
25.0
25.0
25.0
2.00
2.00
25.0

LCS
Recovery
(percent)

84
91
95
85
101
93
99
96
95
95
92
95
89

LCSD
Recovery
(percent)

85
85
95
85
100
94
91
96
95
96
81
94
89

CA DOHS CUP Accr*dtt*t1on/fi*g1str«t1efi

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Priority Pollutant Metals, EPA Methods 6010/7000

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted:
Date Analyzed:
Date Reported:

07/07/98
07/07/98
07/10/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: M980707B

Instrument ID: INMIX
Analyst ID: PONOC

Matrix: SOLID

LCS RPD

Analyte CAS No.

LCS
Relative
Percent
Difference
(percent)

Ag (Silver)
As (Arsenic)
Be (Beryllium)
Cd (Cadmium)
Cr (Chromium)
Cu (Copper)
Hg (Mercury)
Ni (Nickel)
Fb (Lead)
Sb (Antimony)
Se (Selenium)
Tl (Thallium)
Zn (Zinc)

7440-
7440-
7440-
7440-
7440-
7440-
7439-
7440-
7439-
7440-
7783-
7440-
7440-

22-4
38-2
41-7
43-9
47-3
50-8
97-6
02-0
92-1
36-0
00-8
28-0
66-6

1
7
0
0
1
1
8
0
0
1
13
1
0

CA OOHS CUW Accr«dlt*t1an/Mg1*tr*tton MMtMr 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Inorganic Constituents

Toxicity Characteristic Leaching Procedure

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Project No.: 39860.353
Contact: John Catts
Phone; (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907-1A

Date Sampled:
Date Received:

Date Extracted:
Date Analyzed:
Date Reported:
Client ID No.:

Analyte

Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Silver

06/18/98
06/18/98
07/01/98
07/02/98
07/10/98
R061898

HW No.

01002
01007
01027
01034
71900
01051
01147
01077

Sample:
Results
(mg/L)

ND
0.66
ND
ND
ND
ND
ND
ND

Job No . :
COC Log No. :
Batch No. :

Instrument ID:
Analyst ID:

Matrix:

R061898

Rep. Limit
(mg/L)

0.10
0.50
0.10
0.50
0.050
0.50
0.10
0.50

814907
NO NUMBER
M980701A
INMIX
PON6C
SOLID

Method

7060
6010
6010
6010
7470
6010
7740
6010

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA OQHS EUV Accrtd1t*t1on/Mg1itr*tlM

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



I
1
I
I
I
I
1
I
I
I
f
I
I
I
I
I
I
I
I

CLS Labs
Analysis Report: Inorganic Constituents

Toxicity Characteristic Leaching Procedure

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 07/01/98
Date Analyzed: 07/02/98
Date Reported: 07/10/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: M980701A

Instrument ID: INMIZ
Analyst ID: PONGC

Matrix: -----SOLID

METHOD BLANK

Analyte

Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Silver

HW No.

01002
01007
01027
01034
71900
01051
01147
01077

Results
(mg/L)

ND
ND
ND
ND
ND
ND
ND
ND

Reporting
Limit
(mg/L)

0.10
0.50
0.10
0.50
0.050
0.50
0.10
0.50

Method

7060
6010
6010
6010
7470
6010
7740
6010

ND = Not detected at or above indicated Reporting Limit

CA OOMS CUP Accr«dtUtfon/Mo1strattan

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



I
I
I
I
I
1
I
I
1
I
I
I
I
1
I
I
I
I
I

CLS Labs
Analysis Report: Inorganic Constituents

Toxicity Characteristic Leaching Procedure

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 07/01/98
Date Analyzed: 07/02/98
Date Reported: 07/10/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: M980701A

Instrument ID: INMXX
Analyst ID: PON6C

Matrix: SOLID

LAB CONTROL SAMPLE

Analyte

Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Silver

HW No.

01002
01007
01027
01034
71900
01051
01147
01077

LAB CONTROL SAMPLE

Analyte

Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Silver

Analyte

Arsenic
Barium
Cadmium
Chromium
Mercury
Lead
Selenium
Silver

HW No.

01002
01007
01027
01034
71900
01051
01147
01077

LCS RPD

HW No.

01002
01007
01027
01034
71900
01051
01147
01077

LCS Cone .
(mg/L)

0.200
10.0
0.250
1.00
0.0150
2.50
0.200
0.250

DUPLICATE

LCS Cone.
(mg/L)

0.200
10.0
0.250
1.00
0.0150
2.50
0.200
0.250

LCS
Recovery
(percent)

106
94
83
95
110
93
98
89

LCSD
Recovery
(percent)

115
97
96
102
109
99
95
98

LCS
Relative
Percent
Difference
(percent)

8
3
15
7
1
6
3
10

CA OOHS ELAF Accr«d1t«t1on/Mg1 strati on

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Reports Organochlorine Pesticides, EPA Method 8080

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Sampled: 06/18/98
Date Received: 06/18/98

Date Extracted: 06/22/98
Date Analyzed: 06/27/98
Date Reported: 07/07/98
Client ID No.: R061898

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907-1C

814907
NO NUMBER
22677
GC021

Job No.
COC Log Vo.
Batch No.

Instrument ID
Analyst ID: NGOCDUNO

Matrix: SOLID

SURROGATE

Analyte

2,4,5, 6-tetrachloro-m-xylene
Decachlorobiphenyl

CAS No.

877-09-8
2051-24-3

Surr Cone,
(ug/kg)

0.250
0.250

Surrogate
Recovery
(percent)

HC
HC

HC = Recovery data is outside standard QC limits due to the high
concentration of this analyte in the sample. LCS recovery
data validates methodology.

Sample: R061898

Analyte

Aldrin
alpha BHC
beta BHC
delta-BHC
Lindane
Chlordane
4,4'-DDD
4,4' -DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Kepone
Methoxychlor
Mirex
Toxaphene

CAS No.

309-00-2
319-84-6
319-85-7
319-86-7
58-89-9
57-74-9
72-54-8
72-55-9
50-29-3
60-57-1
959-98-8
33213-65-9
1031-07-8
72-20-8
7421-93-4
76-44-8
1024-57-3
143-50-0
72-43-5
2385-85-5
8001-35-2

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Rep. Limit
(ug/kg)

1.7
1.7
1.7
1.7
1.7
80
3.3
3.3
3.3
3.3
1.7
3.3
3.3
3.3
3.3
1.7
1.7
3.3
17
3.3
160

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ND « Not detected at or above indicated Reporting Limit

U DOHS CUU> AccradtUtlon/MgOtratlon tutor 12JJ

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Organochlorine Pesticides, EPA Method 8080

Client: Harding Lawcon Associates
10265 Rockinghaa Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/22/98
Date Analyzed: 06/26/98
Date Reported: 07/07/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Haapton
Lab ID No.: P4907

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: 22677

Instrument ID: 6C021
Analyst ID: NGOCDUNG

Matrix: —"SOLID

MB SURROGATE

Analyte

2,4,5, 6-tetrachloro-m-xylene
Decachlorobiphenyl

Analyte

Aldrin
alpha BHC
beta BHC
delta-BHC
Lindane
Chlordane
4, 4 '-ODD
4,4' -DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Kepone
Methoxychlor
Mirex
Toxaphene

CAS No.

877-09-8
2051-24-3

METHOD BLANK

CAS NO.

309-00-2
319-84-6
319-85-7
319-86-7
58-89-9
57-74-9
72-54-8
72-55-9
50-29-3
60-57-1
959-98-8
33213-65-9
1031-07-8
72-20-8
7421-93-4
76-44-8
1024-57-3
143-50-0
72-43-5
2385-85-5
8001-35-2

Surr Cone.
(ug/kg)

8.33
8.33

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MB
Surrogate
Recovery
(percent)

64
80

Reporting
Limit
(ug/kg)

1.7
1.7
1.7
1.7
1.7
80
3.3
3.3
3.3
3.3
1.7
3.3
3.3
3.3
3.3
1.7
1.7
3.3
17
3.3
160

ND = Not detected at or above indicated Reporting Limit

CA OOHS ELAH Accr*d4t«t1on/Mg1fttr«tlQH

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (91Q) 638-4510
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CLS Labs
Analysis Report: Organochlorine Pesticides, EPA Method 8080

Client: Harding Lawson Associates Project No.: 39860.353
10265 Rockingham Dr. STE 150 Contact: John Catts
Sacramento, CA 95827 Phone: (916)364-0793

Project: Aerojet Perchlorate Lab Contact: George Hampton
Lab ID No.: P4907

Date Extracted: 06/22/98 Job No.: 814907
Date Analyzed: 06/26/98 COC Log No.: NO NUMBER
Date Reported: 07/07/98 Batch No.: 22677

Instrument ID: GC021
Analyst ID: NGOCDUNG

Matrix: SOLID

Analyte

2,4,5, 6-tetrachloro-m-xylene
Decachlorobiphenyl

Analyte

Lindane
Aldrin
Heptachlor
Dieldrin
Endrin
4,4' -DOT

Analyte

MS SURROGATE

CAS No.

877-09-8
2051-24-3

MATRIX SPIKE

CAS NO.

58-89-9
309-00-2
76-44-8
60-57-1
72-20-8
50-29-3

MSD SURROGATE

CAS No.

2,4,5, 6-tetrachloro-m-xylene 877-09-8
Decachlorobiphenyl 2051-24-3

MS Surr.
Cone .
(ug/kg)

8.33
8.33

MS Cone,
(ug/kg)

4.17
4.17
4.17
8.33
8.33
8.33

Surr.
Cone.
(ug/kg)

8.33
8.33

MS
Surrogate
Recovery
( percent )

61
52

MS
Recovery
(percent)

42
61
71
72
73
65

MSD
Surrogate
Recovery
(percent)

58
51

MATRIX SPIKE DUPLICATE

Analyte

Lindane
Aldrin
Heptachlor
Dieldrin
Endrin
4,4'-DDT

0 OOHJ 1

3249 Fitzgerald Road

CAS NO.

58-89-9
309-00-2
76-44-8
60-57-1
72-20-8
50-29-3

:u>» Aecr«d1t«t1<M/n«gUtr«tten NurtMr 1233

Rancho Cordova, CA 95742 (916)

MSD Cone.
(ug/kg)

4.17
4.17
4.17
8.33
8.33
8.33

638-7301 Fax (916) 638-4510

MSD
Recovery
(percent)

46
59
64
68
71
76



Phase I Perchlorate Treatabilily Study
Title 22 Metals Analytical Results Summary

Sampling Port
Air Strip. Inn. (A)

Undiluted GW(BS)
B toreador Influent (C)
Btoreactor Effluent (G)

AirStrip.ln(l.(A)
Undiluted GW(BS)

B toreador Influent (C)
Bioreador Effluent (G)

Undiluted GW(BS)
Btoreactor Influent (C)
Btoreactor Effluent (G)

Air Strip. Intl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreador Effluent (G)

Air Strip. Intl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreador Effluent (G)

Air Strip. Inn. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreador Effluent (G)

Airstrip. Infl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreador Effluent (G)

AlrSlrip. Infl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Bioreador Effluent (G)

Air Strip. Infl. (A)
Undiluted GW(BS)

Bioreador Influent (C)
Btoreactor Effluent (G)

DATE
SAMPLED

Flowrate
B«
Ba
Ba
Ba
Ca
Ca
Ca
Ca
Fe
Fe
Fe
Kg
H9
H8

Hg
K
K
K
K

Mg
Mg
Mg
Mg
Na
Na
Na
Na
V
V
V
V
Zn
Zn
Zn
Zn

11/5/97

.
23

16000

-

-

1200

11000

30000

14

35

1/29/98

25.0

27
26
26

20000
20000
20000

-

-

1500
1400
1300

13000
12000
13000

36000
35000
36000

<20
<20
<20

<20
<20
<20

2/4/98

26.4

29
26
26

21000
21000
21000

-

-

1500
1300
1100

13000
13000
12000

36000
36000
36000

20
<20
<20

<20
<20
<20

2/5/98

.

-

-

-

-

-

-

•

-

-

2/6/98

24.9

24
24
22

19000
19000
19000

-

0.39
0.37
0.38

1300
1200
1100

12000
12000
11000

34000
34000
33000

<20
<20
<20

<20
<20
<20

2/17/98

25.2

28
25
24

19000
19000
19000

-

<0.2
>0.2
O.2

1400
1500
1200

12000
12000
12000

35000
33000
34000

<20
<20
<20

22
48
<20

2/18/98

25.6

26
25
25

18000
18000
18000

-

<0.2
<0.2
«0.2

1300
1300
1300

12000
12000
12000

33000
33000
33000

<20
<20
<20

<20
<20
<20

2/19/98

.

-

-

-

-

-

-

-

-

-

2/20/98

25.5

24
24
20

19000
20000
17000
450

<100
<100

<0.2
<0.2
<0.2

1300
1200

<1000

11000
12000
10000

34000
34000
30000

<20
<20
<20

<20
<20
<20

3/4/98

25.8

24
22
22

19000
18000
18000
<100
<100
<100

<0.2
<0.2
<0.2

1400
1300
1200

12000
11000
11000

34000
32000
33000

<20
<20
<20

55
<20
<20

3/13/98

25.0

. 26
25
28

21000
21000
20000
<100
<100
<100

<0.2
<0.2
<0.2

1400
1400
1300

12000
12000
12000

35000
34000
33000

<20
<20
<20

<20
<20
<20

5/18/98

9.8
<100

24000

<100

<1

1400

13000

37000

-

<50

6/15/98

.
<100

24000
24000

<100
<100

<1
<1

1500
1200

14000
14000

36000
35000

-

<50
<50

ug/1» microgram per liter, GW = groundwater
Ba = Barium, Ca = Calcium, Fe = Iron, Hg = Mercury, K = Potassium, Na = Sodium, V = Vanadium, Zn = Zinc, Mg = Magnesium

Harding Lawson Associates Pagel
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CLS Labs

Harding Lawson Associates 07/13/98
10265 Rockingham Dr. STB 150
Sacramento, CA 95827

Attention: John Catts

Reference: Analytical Results

Project Name: Aerojet Perchlorate CLS ID No.: P4907
Project No.: 39860.353 CLS Job No.: 814907

Date Received: 06/18/98
Chain Of Custody: NO NUMBER

The following analyses were performed on the above referenced project:

No. of
Samples

1

1

1

1

1

1

1

Turnaround
Time

10 Days

10 Days

10 Days

10 Days

10 Days

10 Days

10 Days

Analysis Description

TCLP Analysis

EPA Priority Pollutant Metals

Organochlorine Pesticides, EPA 8080

PCS Analysis

EPA Method 8240

EPA Method 8270

Dioxin Analysis

These samples were received by CLS Labs in a chilled, intact state and
accompanied by a valid chain of custody document.
Calibrations for analytical testing have been performed in accordance to and
pass the EPA's criteria for acceptability.
Analytical results are attached to this letter. Please call if we can provide
additional assistance.

Sincerely

ieorge Hamptc
Laboratory Director

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Volatile Organic Constituents, EPA Method 8240

Toxicity Characteristic Leaching Procedure, EPA Method 1311

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Sampled: 06/18/98
Date Received: 06/18/98
Date Extracted: N/A
Date Analyzed: 06/25/98
Date Reported: 07/02/98
Client ID No. : R061898

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907-1A

Job No. : 814907
COC Log No. : NO NUMBER
Batch No. : 51512

Instrument ID: MS 05
Analyst ID: TERIB

Matrix: SOLID

.

SURROGATE

Analyte HW No.

1 , 2 -Dichloroethane-d4 N/A
Toluene -d8 N/A
p-Bromof luorobenzene 460-00-4

Sample:

Analyte HW No.

Benzene 34030
Carbon tetrachloride D019
Chlorobenzene D021
Chloroform 32106
1, 4-Dichlorobenzene 34571
1, 2-Dichloroethane 34531
1, l-Dichloroethene 34501
Methyl ethyl ketone 81595
Tetrachloroethene 34475
Trichloroethene 39180
Vinyl chloride D043

Surr Cone .
(mg/L)

0.0500
0.0500
0.0500

R061898

Results Rep. Limit
(mg/L) (mg/L)

ND 0.050
ND 0.050
ND 0.050
ND 0.050
ND 0.050
ND 0.050
ND 0.050
ND 1.0
ND 0.050
0.33 0.050
ND 0.10

Surrogate
Recovery
(percent)

111
106
108

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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Analysis Report:

CLS Labs
TCLP Volatile Organic Constituents, EPA Method 8240
Toxicity Characteristic Leaching Procedure, EPA Method 1311

Client: Harding Lawson Associates
10265 Rockingham Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted:
Date Analyzed:
Date Reported:

N/A
06/25/98
07/02/98

Project No. :
150 Contact:

Phone:

Lab Contact:
Lab ID No.:

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

MB SURROGATE

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
51512
MS05
TERIB
SOLID

Analyte

1 , 2 -Dichloroethane-d4
Toluene-d8
p-Bromof luorobenzene

Analyte

Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
1 , 4 -Dichlorobenzene
1, 2-Dichloroethane
1, 1-Dichloroethene
Methyl ethyl ketone
Tetrachloroethene
Trichloroethene
Vinyl chloride

HW No.
Surr Cone.
(mg/L)

N/A 0.0500
N/A 0.0500
450-00-4 0.0500

METHOD BLANK

HW No.

34030
D019
D021
32106
34571
34531
34501
81595
34475
39180
D043

Results
(mg/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MB
Surrogate
Recovery
(percent)

107
103
106

Reporting
Limit
(mg/L)

0
0
0
0
0
0
0
1
0
0
0

050
050
050
050
050
050
050
0
050
050
10

ND Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Volatile Organic Constituents, EPA Method 8240

Toxicity Characteristic Leaching Procedure, EPA Method 1311

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted:
Date Analyzed:
Date Reported:

N/A
06/25/98
07/02/98

Project No. :
Contact:

Phone:

Lab Contact:
Lab ID No.:

Job No. :
COC Log No. :
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
51512
MS05
TERIB
SOLID

MS SURROGATE

Analyte

1, 2-Dichloroethane-d4
Toluene -d8
p-Bromof luorobenzene

Analyte

Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
1 , 4 -Dichlorobenzene
1 , 2 -Dichloroethane
1, 1-Dichloroethene
Methyl ethyl ketone
Tetrachloroethene
Trichloroethene
Vinyl chloride

Analyte

1, 2-Dichloroethane-d4
Toluene-d8
p-Bromof luorobenzene

HW No.

N/A
N/A
460-00-4

MATRIX SPIKE

HW No.

34030
D019
D021
32106
34571
34531
34501
81595
34475
39180
D043

MSD SURROGATE

HW NO.

N/A
N/A
460-00-4

MS Surr .
Cone .
(mg/L)

0.250
0.250
0.250

MS Cone .
(mg/L)

0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250

Surr.
Cone.
(mg/L)

0.250
0.250
0.250

MS
Surrogate
Recovery
(percent)

98
109
101

MS
Recovery
(percent)

96
96
102
127
102
98
158
77
112
140
171

MSD
Surrogate
Recovery
(percent)

92
100
101

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Volatile Organic Constituents, EPA Method 8240

Toxicity Characteristic Leaching Procedure, EPA Method 1311

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Project No.: 39860.353
Contact: John Catts

Phone: (916)364-0793

Date Extracted:
Date Analyzed:
Date Reported:

N/A
06/25/98
07/02/98

Lab Contact:
Lab ID No.:

•Job No. :
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

MATRIX SPIKE DUPLICATE

George Hampton
P4907
814907
NO NUMBER
51512
MS05
TERIB
SOLID

Analyte

Benzene
Carbon tetrachloride
Chlorobenz ene
Chloroform
1 , 4-Dichlorobenzene
1 , 2 -Dichloroethane
1, 1-Dichloroethene
Methyl ethyl ketone
Tetrachloroethene
Trichloroethene
Vinyl chloride

HW No.

34030
D019
D021
32106
34571
34531
34501
81595
34475
39180
D043

MSD Cone .
(mg/L)

0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250
0.250

MSD
Recovery
(percent)

102
108
101
113
100
100
131
76
99
109
133

RELATIVE % DIFFERENCE

Analyte

Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
1, 4-Dichlorobenzene
1 , 2 -Dichloroethane
1, 1-Dichloroethene
Methyl ethyl ketone
Tetrachloroethene
Trichloroethene
Vinyl chloride

HW No.

34030
D019
D021
32106
34571
34531
34501
81595
34475
39180
D043

Relative
Percent
Difference
(percent)

6
12
1
12
2
2
19
1
12
25
25

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: TCLP Volatile Organic Constituents, EPA Method 8240

Toxicity Characteristic Leaching Procedure, EPA Method 1311

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: N/A
Date Analyzed: OS/25/98
Date Reported: 07/02/98

Project No.:
Contact:

Phone:

Lab Contact:
Lab ID No.:

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860 .353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
51512
MS05
TERIB
SOLID

LCS SURROGATE

Analyte

1 , 2-Dich.loroethan.e-d4
Toluene-d8
p-Bromof luorobenzene

Analyte

Benzene
Carbon tetrachloride
Chlorobenzene
Chloroform
1, 4-Dichlorobenzene
1 , 2 -Dichloroethane
1, 1-Dichloroethene
Methyl ethyl ketone
Tetrachloroethene
Trichloroethene
Vinyl chloride

HW No.

N/A
N/A
460-00-4

LAB CONTROL SAMPLE

HW No.

34030
D019
D021
32106
34571
34531
34501
81595
34475
39180
D043

LCS Cone .
(mg/L)

0.0500
0.0500
0.0500

LCS Cone.
(mg/L)

0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500
0.0500

LCS
Surrogate
Recovery
(percent)

114
109
111

LCS
Recovery
(percent)

87
74
94
100
99
108
88
93
98
92
81

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Organochlorine Pesticides, EPA Method 8080

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted: 06/22/98
Date Analyzed: 06/26/98
Date Reported: 07/07/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact:
Lab ID No.:

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: NGOCDUNG

Matrix: SOLID

George Hampton
P4907
814907
MO NUMBER
22677
GC021

Analyte

RELATIVE % DIFFERENCE

GAS NO.

Relative
Percent
Difference
(percent)

Lindane
Aldrin
Heptachlor
Dieldrin
Endrin
4,4'-DDT

58-89-9
309-00-2
76-44-8
60-57-1
72-20-8
50-29-3

9
3
10
6
3
16

CA OOHS CLAP *ccr«ditation/R«gUtr«t1o« I

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Organochlorine Pesticides, EPA Method 8080

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/22/98
Date Analyzed: 06/26/98
Date Reported: 07/07/98

Project No.
Contact
Phone

Lab Contact
Lab ID No.

Job Wo.
COC Log No.
Batch No.

Instrument ID:
Analyst ID: NGOCDUNO

Matrix: SOLID

39860.353
John Catts
(916)364-0793
George Hampton
P4907
814907
NO NUMBER
22677
OC021

Analyte

LCS SURROGATE

CAS No.
LCS Cone.
(ug/kg)

LCS
Surrogate
Recovery
(percent)

2,4,5,6-tetrachloro-m-xylene
Decachlorobiphenyl

877-09-8
2051-24-3

LAB CONTROL SAMPLE

8.33
8.33

73
82

Analyte CAS No.
LCS Cone,
(ug/kg)

LCS
Recovery
(percent)

Lindane
Aldrin
Heptachlor
Dieldrin
Endrin
4,4'-DOT

58-89-9
309-00-2
76-44-8
60-57-1
72-20-8
50-29-3

4.17
4.17
4.17
8.33
8.33
8.33

56
100
95
99
101
81

CA DOHS ELW WCTMltttton/MglltritllM IMMr till

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Polychlorinated Biphenyls, EPA Method 8080

Client: Harding Lawson Associates
10265 Rockinghaa Dr. SXE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Sampled: 06/18/98

Date Received: 06/18/98
Date Extracted: 06/22/98
Date Analyzed: 07/08/98
Date Reported: 07/09/98
Client ID No.: R061898

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID Ho.: P4907-1C

814907
NO NUMBER
22677

Job No.:
COC Log No.:
Batch No.:

Instrument ID: GC019
Analyst ID: NGOCDUNG

Matrix: SOLID

Sample: R061898

Analyte

Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor

1016
1221
1232
1242
1248
1254
1260

CAS No.

12674-11-2
1104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND

Rep . Limit
(ug/kg)

2000 (Al)
2000
2000
2000
2000
2000
2000

Dilution
(factor)

100
100
100
100
100
100
100

AI = All report limits have been elevated due to matrix interference.

ND = Not detected at or above indicated Reporting Limit

CA OOHS ELAP Accreditation/Registration

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Polychlorinated Biphenyls, EPA Method 8080

Client: Earding Lawson Associates
10265 Rockingham Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate

150
Project No.:

Contact:
Phone:

39860.353
John Catts
(916)364-0793

Date Extracted:
Date Analyzed:
Date Reported:

06/22/98
07/08/98
07/09/98

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER
22677
6C019

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: NGOCDUNO

Matrix: SOLID

METHOD BLANK

Analyte

Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor
Aroclor

1016
1221
1232
1242
1248
1254
1260

CAS No.

12674-11-2
1104-28-2
11141-16-5
53469-21-9
12672-29-6
11097-69-1
11096-82-5

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND

Reporting
Limit
(ug/kg)

20
20
20
20
20
20
20

ND Not detected at or above indicated Reporting Limit

U DQHS CLAP «ccr«IUt1on/»to1»tr4t1«< I

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Polychlorinated Biphenyls, EPA Method 8080

Client: Harding Lawson Associates Project No.: 39860.353
10265 Rockinghaa Dr. STE 150 Contact: John Catts
Sacramento, CA 95827 Phone: (916)364-0793

Project: Aerojet Perchlorate Lab Contact: George Hampton
Lab ID No.: P4907

Date Extracted: 06/22/98 Job No.: 814907
Date Analyzed: 07/08/98 COC Log No.: NO NUMBER
Date Reported: 07/09/98 Batch No.: 22677

Instrument ID: GC019
Analyst ID: NGOCDUNG

Matrix: SOLID

MATRIX SPIKE

MS Cone.
Analyte CAS No. (ug/kg)

Aroclor 1260 11096-82-5 8.33

SD - Surrogate standard recovery data could not be generated due to
sample dilution during analysis.

MATRIX SPIKE DUPLICATE

MSD Cone.
Analyte CAS No. (ug/kg)

Aroclor 1260 11096-82-5 8.33

SD - Surrogate standard recovery data could not be generated due to
sample dilution during analysis.

RELATIVE % DIFFERENCE

Analyte CAS No.

Aroclor 1260 11096-82-5

SD - Surrogate standard recovery data could not be generated due to
sample dilution during analysis.

•

CA OOHS (iff «Ccr«Mtat1l»1/lltgtttr*t1on NMMr 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510

MS
Recovery
(percent)

SD

MSD
Recovery
(percent)

SD

Relative
Percent
Difference
(percent)

SD
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Analysis Report:

CLS Labs

Polychlorinated Biphenyls, EPA Method 8080

Client: Harding Lawson Associates Project No.: 39860.353
10265 Rockinghaa Dr. STE 150 Contact: John Catts
Sacramento, CA 95827 Phone: (916)364-0793

Project: Aerojet Perchlorate Lab Contact: George Hampton
Date Extracted:
Date Analyzed:
Date Reported:

Analyte

Aroclor 1260

Analyte

Aroclor 1260

Analyte

Aroclor 1260

LaJb ID No.: P4907
06/22/98 Job No.: 814907
07/08/98 COC Log No.: NO NUMBER
07/09/98 Batch No.: 22677

Instrument ID: GC019
Analyst ID: NGOCDUNG

Matrix: SOLID

LAB CONTROL SAMPLE

LCS Cone.
CAS No. (ug/kg)

11096-82-5 8.33

LAB CONTROL SAMPLE DUPLICATE

LCS Cone.
CAS No. (ug/kg)

11096-82-5 8.33

LCS RPD

CAS No.

11096-82-5

CA OOMS CLAP *ccr«dttatieft/Mgfstr«t1on Number 1233

LCS
Recovery
(percent)

110

LCSD
Recovery
(percent)

96

LCS
Relative
Percent
Difference
(percent)

14

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report; Volatile Organic Compound! by GC/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockinghaa Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Sampled: 06/18/98
Date Received: 06/18/98

Date Extracted: N/A
Date Analyzed: 06/25/98
Date Reported: 07/08/98
Client ID No.: R061898

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907-1B

Job No.: 814907
COC Log No.: NO NUMBER
Batch No.: 51508

Instrument ID: MS05
Analyst ID: TERIB

Matrix: SOLID

SURROGATE

Analyte

1 , 2-Dichloroethane-d4
Toluene-d8
p-Bromo f luorobenzene

Analyte

1,1, 1-Trichloroethane
1,1,2, 2-Tetrachloroethane
1,1, 2-Trichloroethane
1, 1-Dichloroethane
1, 1-Dichloroethene
1 , 2-Dichlorobenzene
1 , 2-Dichloroethane
1 , 2-D ichloropropane
1 , 3-Dichlorobenzene
1 , 4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Ethylbenzene
Methylene chloride
Styrene
Tetrachloroethene
Toluene
Trichloroethene
Trichlorof luoromethane
Vinyl chloride

CAS No.

N/A
N/A
460-00-4

Sample:

CAS No.

71-55-6
79-34-5
79-00-5
75-34-3
75-35-4
95-50-1
107-06-2
78-87-5
541-73-1
106-46-7
78-93-3
591-78-6
108-10-1
67-64-1
71-43-2
75-27-4
75-25-2
74-83-9
75-15-0
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
124-48-1
100-41-4
75-09-2
100-42-5
127-18-4
108-88-3
79-01-6
75-69-4
75-01-4

R061898

Results
(ug/kg)

NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4200
4900
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
4900
ND
ND

Surr Cone.
(ug/kg)

5000
5000
5000

Rep. Limit
(ug/kg)

500
500
500
500
500
500
500
500
500
500
2500
2500
2500
2500
500
500
500
1000
500
500
500
1000
500
1000
500
500
500
500
500
500
500
1000
1000

Surrogate
Recovery
(percent)

109
108
102

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

ND = Not detected at or above indicated Reporting Limit

CA DORJ CUP >cer«l1Ut1(Xi/Mg<>tr<t1ai Hurtw 1131

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Volatile Organic Compounds by GC/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Project: Aerojet Perchlorate

Date Sampled: 06/18/98
Date Received: 06/18/98
Date Extracted: M/A
Date Analyzed: 06/25/98
Date Reported: 07/O8/98
Client ID No.: R061898

Analyte

cis-1, 2-Dichloroethene
cis-l,3-Dichloropropene
m/p-Xylenes
o-Xylenes
trans-1 , 2-Dichloroethene
trans-1, 3-Dichloropropene

Sample :

CAS No.

Lab Contact:
Lab ID No.:

Job No . :
COC Log No . :
Batch No . :

Instrument ID:
Analyst ID:

Matrix:

R061898(cont.)

Results
(ug/kg)

156-59-2 ND
10061-01-5 ND
N/A ND
95-47-6 ND
156-60-5 ND
10061-02-6 ND

George Hampton
P4907-1B
814907
NO NUMBER
51508
MS05
TERIB
SOLID

Rep. Limit
(ug/kg)

500
500
500
500
500
500

Dilution
(factor)

1.0
1.0
1.0
1.0
1.0
1.0

ND Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accrcdttitton/MglstratlfNi NUMMT 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CLS Labs

Analysis Report: Volatile Organic Compounds by OC/MS, EPA Method 8240

Client: Barding Lawson Associates
10265 Rockingham Dr. STE
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: N/A
Date Analyzed: 06/24/98
Date Reported: 07/08/98

150
Project No.;

Contact:
Phone:

39860.353
John Catts
(916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER
51508
MS05

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: XERIB

Matrix: SOLID

MB SURROGATE

Analyte

1 , 2-Dichloroethane-d4
Toluene-d8
p-Bromof luorobenzene

Analyte

1, 1, 1-Trichloroethane
1,1,2, 2-Tetrachloroethane
1,1, 2-Trichloroethane
1, 1-Dichloroethane
1, 1-Dichloroethene
1 , 2-Dichlorobenzene
1 , 2-Dichloroethane
1,2-Dichloroethene, total
1 , 2-Dichloropropane
1 , 3-Dichlorobenzene
1,4-Dichlorobenzene
2-Butanone
2-Hexanone
4-Methyl-2-pentanone
Acetone
Benzene
Bromodichloromethane
Bromoform
Bromomethane
Carbon disulfide
Carbon tetrachloride
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
Dibromochloromethane
Ethylbenzene
Metnylene chloride
Styrene
Tetrachloroethene

CAS No.

N/A
N/A
460-00-4

METHOD BLANK

CAS NO.

71-55-6
79-34-5
79-00-5
75-34-3
75-35-4
95-50-1
107-06-2
540-59-0
78-87-5
541-73-1
106-46-7
78-93-3
591-78-6
108-10-1
67-64-1
71-43-2
75-27-4
75-25-2
74-83-9
75-15-0
56-23-5
108-90-7
75-00-3
67-66-3
74-87-3
124-48-1
100-41-4
75-09-2
100-42-5
127-18-4

Surr Cone.
(ug/kg)

5000
5000
5000

Results
(ug/kg)

ND
NO
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

MB
Surrogate
Recovery
(percent)

90
103
96

Reporting
Limit
(ug/kg)

500
500
500
500
500
500
500
500
500
500
500
2500
2500
2500
2500
500
500
500
1000
500
500
500
1000
500
1000
500
500
500
500
500

ND Not detected at or above indicated Reporting Limit

CA OOHS CU» 'Accreditati

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CLS Labs

Analysis Report: Volatile Organic Compounds by GC/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockingham Dr. STE ISO
Sacraaento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: N/A
Date Analyzed: 06/24/98
Date Reported: 07/08/98

Project Ho.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Haapton
Lab ID No.: P4907

814907
NO NUMBER
51508
MS05

Job
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: TERIB

Matrix: SOLID

METHOD BLANK(cont.)

Analyte

Toluene
Trichloroethene
Trichlorofluoromethane
Vinyl chloride
cis-1 , 2-Dichloroethene
cis-1, 3-Dichloropropene
m/p-Xylenes
o-Xylenes
trans-1, 3-Dichloropropene

GAS No.

108-88-3
79-01-6
75-69-4
75-01-4
156-59-2
10061-01-5
N/A
95-47-6
10061-02-6

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND.

Reporting
Limit
(ug/kg)

500
500
1000
1000
500
500
500
500
500

Not detected at or above indicated Reporting Limit

CA OOHS CLAP Accr«d1Ut1an/MgUtr«t1on

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CLS Labs

Analysis Report: Volatile Organic Compounds by 6C/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: N/A
Date Analyzed: 06/24/98
Date Reported: 07/08/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER

Job tfo.:
COC Log No.:
Batch No.: 51508

Instrument ID: MS05
Analyst ID: XERIB

Matrix: SOLID

MS SURROGATE

Analyte

1 , 2-Dichloroethane-d4
Toluene-d8
p-Bromof luorobenzene

Analyte

1 , 1-Dichloroethene
Benzene
Chlorobenzene
Toluene
Trichloroethene

Analyte

1 , 2-Dichloroethane-d4
Toluene-d8
p-Bromof luorobenzene

Analyte

1, 1-Dichloroethene
Benzene
Chlorobenzene
Toluene
Trichloroethene

GAS No.

N/A
N/A
460-00-4

MATRIX SPIKE

GAS No.

75-35-4
71-43-2
108-90-7
108-88-3
79-01-6

MSD SURROGATE

GAS NO.

MS Surr .
Cone,
(ug/kg)

5000
5000
' 5000

MS Cone .
(ug/kg)

5000
5000
5000
5000
5000

Surr.
Cone,
(ug/kg)

N/A 5000
N/A 5000
460-00-4 5000

MATRIX SPIKE DUPLICATE

GAS No.

75-35-4
71-43-2
108-90-7
108-88-3
79-01-6

MSD Cone,
(ug/kg)

5000
5000
5000
5000
5000

MS
Surrogate
Recovery
( percent )

93
106
120

MS
Recovery
(percent)

104
115
112
132
99

MSD
Surrogate
Recovery
(percent)

93
110
121

MSD
Recovery
(percent)

120
118
113
130
103

CA OOHS ELAP Accr«d1tatlon/MQlitrat1on

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Reports Volatile Organic Compounds by GC/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted: N/A
Date Analyzed: 06/24/98
Date Reported: 07/08/98

RELATIVE %

Analyte

1, 1-Dichloroethene
Benzene
Chlorobenzene
Toluene
Trichloroethene

C* OOHS CLAP Accr«dlUt1on/Mgtitr*t1an 1

3249 Fitzgerald Road Rancho Cordova, CA

Project Wo..- 39860.353
Contact: John Catts

Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

Job No.: 814907
COC Log No.: NO NUMBER

Batch No.: 51508
Instrument ID: MS05

Analyst ID: TERIB
Matrix: SOLID

DIFFERENCE

GAS NO.

75-35-4
71-43-2
108-90-7
108-88-3
79-01-6

MMr 1213

95742 (916)638-7301 Fax (916) 638-4510

Relative
Percent
Difference
(percent)

14
3
1
2
4
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CLS Labs

Analysis Report: Volatile Organic Compounds by GC/MS, EPA Method 8240

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted: N/A
Date Analyzed: 06/24/98
Date Reported: 07/08/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No.: P4907

814907
NO NUMBER
51508
MS05

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID: TERIB

Matrix: SOLID

LCS SURROGATE

Analyte CAS No.
LCS Cone,
(ug/kg)

LCS
Surrogate
Recovery
(percent)

1,2-Dichloroethane-d4
Toluene-d8
p-Bromofluorobenzene

N/A
N/A
460-00-4

5000
5000
5000

84
103
96

LAB CONTROL SAMPLE

Analyte CAS No.
LCS Cone,
(ug/kg)

LCS
Recovery
(percent)

1,1-Dichloroethene
Benzene
Chlorobenzene
Toluene
Trichloroethene

75-35-4
71-43-2
108-90-7
108-88-3
79-01-6

5000
5000
5000
5000
5000

109
116
107
106
102

CA OOM5 £UP tccndlUtlOK/MgOtritlOII MuMMT 1213

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Sampled: 06/18/98
Date Received: 06/18/98

Project No.:
Contact:

Phone:
Lab Contact:
Lab ID No. :

Job No. :
COC Log No.

39860.353
John Catts
(916)364-0793

George Hampton
P4907-1B
814907
NO NUMBER

Date Extracted: 06/23/98
Date Analyzed: 06/26/98
Date Reported: 06/30/98
Client ID No. : R061898

Batch No. :
Xnstrumen t ID :

Analyst ID:
Ma trix :

22691
MS001
KALVINL
SOLID

SURROGATE

Surrogate

Analyte CAS No.

Phenol-d5 4165-62-2
2-Fluorophenol 367-12-4
2,4, S-Tribromophenol 118-79-6
Nitrobenzene -d5 4665-60-0
2-Fluorobiphenyl 321-60-8
Terphenyl-dl4 98904-43-

Results
(ug/kg)

SD
SD
SD
SD
SD

9 SD

Surr Cone . Recovery Lower Spec
(ug/kg) (percent) (Limit)

2500 SD
2500 SD
2500 SD
1670 SD
1670 SD
1670 SD

24
25
19
23
30
18

Upper Spec
(Limit)

113
121
122
120
115
137

SD ~ Surrogate standard recovery data could not be generated due to
sample dilution during analysis.

R061898

Analyte

Acenaphthene
Ac enaphthy 1 ene
Anthracene
Benzo (a) anthracene
Benzo (b) f luoranthene
Benzo (k) f luoranthene
Benzo (g, h, i) perylene
Benzo (a) pyrene
Benzyl alcohol
Bis (2-chloroethoxy)methane
Bis (2-chloroethyl) ether
Bis (2-chloroisopropyl) ether
Bis ( 2 -ethylhexyl) phthalate
4-Bromophenyl phenyl ether
Butylbenzyl phthalate
4-Chloroaniline
2 - Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene
Dibenzo (a, h) anthracene
Dibenzofuran
Di-n-butylphthalate
1 , 2 -Dichlorobenzene
1 , 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
3,3' -Dichlorobenzidine
Diethyl phthalate

CAS No.

83-32-9
208-96-8
120-12-7
56-55-3
205-99-2
207-08-9
191-24-2
50-32-8
100-51-6
111-91-1
111-44-4
108-60-1
117-81-7
101-55-3
85-68-7
106-47-8
91-58-7
7005-72-3
218-01-9
53-70-3
132-64-9
84-74-2
95-50-1
541-73-1
106-46-7
91-94-1
84-66-2

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Rep . Limit
(ug/kg)

6600 (AI)
6600
6600
6600
6600
6600
6600
6600
13000
6600
6600
6600
6600
6600
6600
13000
6600
6600
6600
6600
6600
6600
6600
6600
6600
13000
6600

Dilution
(factor)

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

ND = Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Or.
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Sampled: 06/18/98
Date Received: 06/18/98
Date Extracted: 06/23/98
Date Analyzed: 06/26/98
Date Reported: 06/30/98
Client ID No. : R061898

Analyte

Dimethylphthalate
24DNT (2,4-Dinitrotoluene)
2SDNT (2, 6-Dinitrotoluene)
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno ( 1 , 2 , 3 - c , d) pyrene
Isophorone
2 -Methylnaphthalene
Naphtha 1 ene
2 -Nitroaniline
3 -Nitroaniline
4 -Nitroaniline
NB (Nitrobenzene)
N-Nitrosodiphenylamine
N-Nitroso-di-n-propylamine
Phenanthrene
Pyrene
1,2, 4-Trichlorobenzene
Benzoic Acid
4-Chloro-3-methylphenol
2-Chlorophenol
2 , 4-Dichlorophenol
2 , 4 -Dimethylphenol
2 , 4-Dinitrophenol
2 -Methyl -4, 6-dinitrophenol
2 -Methylphenol
3 /4 -Methylphenol
2 -Nitrophenol
4 -Nitrophenol
Pentachlorophenol
Phenol
2,4, 5 -Trichlorophenol
2,4, 6 -Trichlorophenol

STE 150

R061898

GAS No.

131-11-3
121-14-2
606-20-2
117-84-0
206-44-0
86-73-7
118-74-1
87-68-3
77-47-4
67-72-1
193-39-5
78-59-1
91-57-6
91-20-3
88-74-4
99-09-2
100-01-6
98-95-3
86-30-6
621-64-7
85-01-8
129-00-0
120-82-1
65-85-0
59-50-7
95-57-8
120-83-2
105-67-9
51-28-5
534-52-1
95-48-7
N/A
88-75-5
100-02-7
87-86-5
108-95-2
95-95-4
88-06-2

Project No. :
Contact:

Phone :

Lab Contact:
Lab ID No. :

Job No. :
COC Log No. :
Batch No. :

Ins trumen t ID :
Analys t ID :

Matrix:

(cont. )
Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
18000
ND
ND
ND
ND
ND
ND

39860.353
John Catts
(916)364-0793

George Hampton
P4907-1B
814907
NO NUMBER
22691
MS001
KALVINL
SOLID

Rep . Limit
(ug/kg)

6600
6600
6600
6600
6600
6600
6600
6600
6600
6600
6600
6600
6600
6600
17000
17000
17000
6600
6600
6600
6600
6600
6600
17000
6600
6600
6600
6600
17000
17000
6600
6600
6600
17000
17000
6600
6600
6600

Dilution
(factor)

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

AI - All report limits have been elevated due to matrix interference.

ND = Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate
Date Extracted:
Date Analyzed:
Date Reported:

06/23/98
06/26/98
06/30/98

Project No. :
Contact:

Phone:

Lab' Contact:
Lab ID No.:

Job No.:
COC Log No.:
Batch No.:

Instrument ID:
Analys t ID:

Ma trix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
22691
MS001
KALVINL
SOLID

MB SURROGATE

Analyte CAS No.

Phenol-d5 4165-62-2
2-Pluorophenol 367-12-4
2,4,6-Tribromophenol 118-79-6
Nitrobenzene-d5 4665-60-0
2-Fluorobiphenyl 321-60-8
Terphenyl-dl4 98904-43-9

Analyte

Acenaphthene
Acenaphthylene
Anthracene
Benzo (a) anthracene
Benzo (b) f luoranthene
Benzo (k) f luoranthene
Benzo (g,h, i)perylene
Benzo (a) pyrene
Benzyl alcohol
Bis (2-chloroethoxy) methane
Bis (2-chloroethyl) ether
Bis (2-chloroisopropyl) ether
Bis (2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
Butylbenzyl phthalate
4-chloroaniline
2 - Chloronaphthalene
4-Chlorophenyl phenyl ether
Chrysene
Dibenzo (a,h) anthracene
Dibenzofuran
Di-n-butylphthalate
1 , 2 -Dichlorobenzene
1 , 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
3,3' -Dichlorobenzidine
Diethylphthalate

Observed
Cone . Surr Cone .
(ug/kg) (ug/kg)

1500 2500
1100 2500
1410 2500
830 1670
980 1670
1320 1670

METHOD BLANK

CAS No.

83-32-9
208-96-8
120-12-7
56-55-3
205-99-2
207-08-9
191-24-2
50-32-8
100-51-6
111-91-1
111-44-4
108-60-1
117-81-7
101-55-3
85-68-7
106-47-8
91-58-7
7005-72-3
218-01-9
53-70-3
132-64-9
84-74-2
95-50-1
541-73-1
106-46-7
91-94-1
84-66-2

MB
Surrogate
Recovery
(percent)

60
44
56
50
59
79

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Lower Spec Upper Spec
(Limit) (Limit)

24 113
25 121
19 122
23 120
30 115
18 137

Reporting
Limit
(ug/kg)

330
330
330
330
330
330
330
330
670
330
330
330
330
330
330
670
330
330
330
330
330
330
330
330
330
670
330

ND = Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Ferchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/26/98
Date Reported: 06/30/98

Project No.:
Contact:

Phone:
Lab Contact:
Lab ID No. :

Job No. :
COC Log No.:
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
22691
MS001
KALVINL
SOLID

METHOD BLANK(cont.)

Analyte

Dimethylphthalate
24DNT (2, 4-Dinitrotoluene)
2SDNT (2, 6-Dinitrotoluene)
Di-n-octylphthalate
Fluoranthene
Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadlene
Hexachloroethane
Indeno ( l , 2 , 3 - c , d) pyrene
Isophorone
2 -Methylnaphthalene
Naphthalene
2-Nitroaniline
3 -Nitroaniline
4 -Nitroaniline
NB (Nitrobenzene)
N-Nitrosodiphenylamine
N-Nitroso-di-n-propylamine
Phenanthrene
Pyrene
1, 2,4-Trichlorobenzene
Benzoic Acid
4 - Chloro- 3 -methylphenol
2-Chlorophenol
2 , 4-Dichlorophenol
2 , 4-Dimethylphenol
2 , 4 -Dinitrophenol
2-Methyl-4 , 6-dinitrophenol
2 -Methylphenol
3/4 -Methylphenol
2 -Nitrophenol
4 -Nitrophenol
Pentachlorophenol
Phenol
2,4,5 -Trichlorophenol
2,4, 6 -Trichlorophenol

CAS No.

131-11-3
121-14-2
606-20-2
117-84-0
206-44-0
86-73-7
118-74-1
87-68-3
77-47-4
67-72-1
193-39-5
78-59-1
91-57-6
91-20-3
88-74-4
99-09-2
100-01-6
98-95-3
86-30-6
621-64-7
85-01-8
129-00-0
120-82-1
65-85-0
59-50-7
95-57-8
120-83-2
105-67-9
51-28-5
534-52-1
95-48-7
N/A
88-75-5
100-02-7
87-86-5
108-95-2
95-95-4
88-06-2

Results
(ug/kg)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND '
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Reporting
Limit
(ug/kg)

330
330
330
330
330
330
330
330
330
330
330
330
330
330
830
830
830
330
330
330
330
330
330
830
330
330
330
330
830
830
330
330
330
830
830
330
330
330

ND = Not detected at or above indicated Reporting Limit

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project: Aerojet Perchlorate

Date Extracted: 06/23/98
Date Analyzed: 06/26/98
Date Reported: 06/30/98

Project No.: 39860.353
Contact: John Catts
Phone: (916)364-0793

Lab Contact: George Hampton
Lab ID No. : P4907

Job No. : 814907
COC Log NO. : NO NUMBER
Batch No. : 22691

Instrument ID: MS001
Analyst ID: KALVINL

Matrix: SOLID

LCS SURROGATE

LCS Surr
Cone.

Analyte CAS No. (ug/kg)

Phenol-d5 4165-62-2 1650
2-Fluorophenol 367-12-4 1440
2,4,6-Tribromophenol 118-79-6 1930
Nitrobenzene-d5 4665-60-0 990
2-Fluorobiphenyl 321-60-8 1060
Terphenyl-dl4 98904-43-9 1430

LCS
Surrogate

LCS Cone. Recovery Lower Spec
(ug/kg) (percent) (Limit)

2500 66 24
2500 58 25
2500 77 19
1670 59 23
1670 63 30
1670 86 18

Upper Spec
(Limit)

113
121
122
120
115
137

LAB CONTROL SAMPLE

Observed
Analyte Value LCS Cone.
CAS No. (ug/kg) (ug/kg)

1,2, 4-Trichlorobenzene
120-82-1 1350 1670

Acenaphthene
83-32-9 1240 1670
24DNT (2,4-Dinitrotoluene)
121-14-2 1100 1670
Pyrene
129-00-0 1590 1670

N-Nitroso-di-n-propylamine
621-64-7 1590 1670

1, 4-Dichlorobenzene
106-46-7 1200 1670
Pentachlorophenol
87-86-5 1670 2500
Phenol
108-95-2 1940 2500

2 - Chlorophenol
95-57-8 1990 2500
4 - Chloro- 3 -methylphenol
59-50-7 2130 2500
4 -Nitrophenol
100-02-7 1220 2500

LCS
Recovery Lower Spec
(percent) (Limit)

81 38

74 31

66 28

95 35

95 41

72 28

67 17

78 26

80 25

85 26

49 11

Upper Spec
(Limit)

107

137

89

142

126

104

109

90

102

103

114

LCS DUPLICATE SURROGATE

LCSD Surr
Cone.

Analyte CAS No. (ug/kg)

LCSD
Surrogate

LCSD Cone. Recovery Lower Spec
(ug/kg) (percent) (Limit)

Upper Spec
(Limit)

CA DOHS ELAP Accreditation/Registration. Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916) 638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento, CA 95827

Project No. :
Contact:

Phone:

Project: Aerojet Perchlorate

Date Extracted: 06/23/98
Date Analyzed:
Date Reported:

Lab Contact:
Lab ID No. :

Job No.:
06/26/98 COC Log No.:
06/30/98 Batch No.:

Instrument ID:
Analyst ID:

Matrix:

39860.353
John Catts
(916)364-0793

George Hampton
P4907
814907
NO NUMBER
22691
MS001
KALVINL
SOLID

LCS DUPLICATE SURROGATE(cont.)

LCSD
LCSD Surr Surrogate

Analyte CAS No.

Phenol-d5 4165-62-
2-Fluorophenol 367-12-4
2,4, 6-Tribromophenol 118-79-6
Nitrobenzene-d5 4665-60-
2 - Fluorobiphenyl 321-60-8
Terphenyl-dl4 98904-43

Observed
Analyte Value
CAS No. (ug/kg)

1,2, 4-Trichlorobenzene
120-82-1 1370

Ac enaphthene
83-32-9 1270
24DNT (2, 4-Dinitrotoluene)
121-14-2 920

Pyrene
129-00-0 1520

N-Nitroso-di-n-propylamine
621-64-7 1520
1 , 4 -Dichlorobenzene
106-46-7 1280
Pentachlorophenol
87-86-5 1430
Phenol
108-95-2 1980
2 - Chlorophenol
95-57-8 2020
4-Chloro-3-methylphenol
59-50-7 2050
4 -Nitrophenol
100-02-7 880

Cone,
(ug/kg)

2 1670
1290
1760

0 1000
1060

-9 1360

LAB CONTROL

LCS Cone,
(ug/kg)

1670

1670

1670

1670

1670

1670

2500

2500

2500

2500

2500

LCSD Cone . Recovery Lower Spec Upper Spec
(ug/kg) (percent) (Limit) (Limit)

2500 67
2500 52
2500 70
1670 60
1670 63
1670 81

SAMPLE DUPLICATE

LCSD
Recovery
(percent)

82

76

55

91

91

77

57

79

81

82

35

24
25
19
23
30
18

Lower Spec
(Limit)

38

31

28

35

41

28

17

26

25

26

11

113
121
122
120
115
137

Upper Spec
(Limit)

107

137

89

142

126

104

109

90

102

103

114

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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CLS Labs
Analysis Report: Semivolatile Organic Compounds by GC/MS EPA Method 8270

Client: Harding Lawson Associates
10265 Rockingham Dr. STE 150
Sacramento/ CA 95827

Project: Aerojet Perchlorate
Date Extracted: 06/23/98
Date Analyzed: 06/26/98
Date Reported: 06/30/98

Project No.: 39860.353
Contact: John Catts

Phone: (916)364-0793
Lab Contact:
Lab ID No. :

Job No. :
COC Log No. :
Batch No.:

Instrument ID:
Analyst ID:

Matrix:

George Hampton
P4907
814907
NO NUMBER
22691
MS001
KALVINL
SOLID

LCS RPD

Analyte CAS No.

LCS
Relative
Percent
Difference
(percent)

Lower Spec
(Limit)

Upper Spec
(Limit)

1,2,4-Trichlorobenzene 120-82-1 l
Acenaphthene 83-32-9 3
24DNT (2,4-Dinitrotoluene) 121-14-2 18
Pyrene 129-00-0 4
N-Nitroso-di-n-propylamine 621-64-7 4
1,4-Dichlorobenzene 106-46-7 7
Pentachlorophenol 87-86-5 16
Phenol 108-95-2 1
2-Chlorophenol 95-57-8 1
4-Chloro-3-methylphenol 59-50-7 4
4-Nitrophenol 100-02-7 33

0
0
0
0
0
0
0
0
0
0
0

23
19
47
36
38
27
47
35
50
33
50

CA DOHS ELAP Accreditation/Registration Number 1233

3249 Fitzgerald Road Rancho Cordova, CA 95742 (916)638-7301 Fax (916) 638-4510
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I Environmental
Quanterra Incorporated Services
880 Riverside Parkway _
West Sacramento, California 95605

I 916 373-5600 Telephone
916 372-1059 Fax

July 2, 1998
QUANTERRA INCORPORATED PROJECT NUMBER: 099963
PO/CONTRACT: P4907

I
George Hampton

I California Laboratory Services
3249 Fitzgerald Road
Rancho Cordova, CA 95742

I
Dear Mr. Hampton:

This report contains the analytical results for the one solid sample which was received under
• chain of custody by Quanterra Incorporated on 22 June 1998.

• The case narrative is an integral part of this report.

| If you have any questions, please feel free to call.

| Sincerely,

I

I Robert Hrabak
Project Manager
Advanced Technology

RH/rr

I

I
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Includes Sample(s): 1

•
Method Blank Sheet
Sample Data Sheet
Laboratory QC Report

I

I

I

I

I

I

I

I

I

I

Emironmental
Services



fnvironmenra/
Services

I

CASE NARRATIVE

QUANTERRA INCORPORATED PROJECT NUMBER 099963

I Detection limits for dioxins and furans are reported on a sample specific basis and all results are
recovery corrected per the isotope dilution technique.

• There were no anomalies associated with this report.
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QUANTERRA INCORPORATED QUALITY CONTROL PROGRAM

Quanterra has implemented an extensive Quality Control (QC) program to ensure the production
of scientifically sound, legally defensible data of known documentable quality. This QC
program is based upon requirements in "Test Methods for Evaluating Solid Waste", USEPA
SW-846, Third Edition. It applies whenever SW-846 analytical methods are used. It also applies
in whole or in part whenever project requirements fail to specify some aspect of QC practices
described here. It does not apply when other well defined QC programs (e.g. CLP or CLP-like)
are specified. This is Quanterra's base QC program for environmental analysis.

Definitions:

Quality Control Batch. The quality control (QC) batch is a set of up to 20 field samples plus
associated laboratory QC samples that are similar in composition (matrix) and that are processed
within the same time period with the same reagent and standard lots.

Surrogate. A surrogate (or internal standard) is an organic compound similar in chemical
behavior to the target analyte, but not normally found in environmental samples. Surrogates (or
IS) are added to all samples in a batch to monitor the effects of both the matrix and the analytical
process on accuracy.

Method Blank. A method blank (MB) is a control sample prepared using the same reagents used
for the samples. As part of the QC batch, it accompanies the samples through all steps of the
sample extraction and cleanup procedure. The method blank is used to monitor the level of
contamination introduced to a batch of samples as a result of processing in the laboratory.

Laboratory Control Sample. A laboratory control sample (LCS) is prepared using a well
characterized matrix (e.g., reagent water or Ottawa sand) that is spiked with known amounts of
representative analytes. Alternate matrices (e.g., glass beads) may be used for soil analyses when
Ottawa sand is not appropriate. As part of a QC batch, it accompanies the samples through all
steps of the sample extraction and cleanup process. The LCS is used to monitor the accuracy of
the analytical process independent of possible interference effects due to sample matrix.

Duplicate Control Sample. A duplicate laboratory control sample (DCS) consists of a pair of
LCSs analyzed within the same QC batch to monitor precision and accuracy independent of
sample matrix effects.
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SAMPLE DESCRIPTION INFORMATION
for

California Laboratory Services

Lab ID Client ID
099963-0001-MB Method Blank
099963-0001-SA R061898

Matrix
SOLID
SOLID

Sampled Received
Date Time Date

18 JUN 98
22 JUN 98
22 JUN 98
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Environmental

2,3,7,8-TCDD

LOW RESOLUTION

H Services

Client Name: California Laboratory Services
Client ID: Method BlankI Lab ID: 099963-0001-MB
Matrix: SOLID Sampled: NA Received: NA
Authorized: 22 JUN 98 Prepared: 30 JUN 98 Analyzed: 01 JUL 98

•
Sample Amount 10.0 G
Column Type DB-5

Detection Data
_ Parameter Result Units Limit Qualifiers

Dioxins
| 2,3,7,8-TCDD ND ng/g 0.11

% Recovery
| 13C-2,3,7,8-TCDD 72

I
I
I
I

*

I
I
I
I

ND - Not detected
• NA - Not applicable

Reported By: Maricel Baquerfo Approved By: Robert Hrabak

I The cover letter is an integral part of this report.
Rev 230787
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2,3,7,8-TCDD

LOW RESOLUTION

Client Name: California Laboratory Services
Client ID: R061898
Lab ID: 099963-0001-SA
Matrix: SOLID Sampled: 18 JUN 98
Authorized: 22 JUN 98 Prepared: 30 JUN 98
Sample Amount 10.1 G
Column Type DB-5
Parameter Result

Dioxins
2,3,7,8-TCDD ND

% Recovery
13C-2,3,7,8-TCDD 64

-

ND » Not detected
NA » Not applicable

{jjtuanterra
Environmental
Services

Received: 22 JUN 98
Analyzed: 02 JUL 98

Detection Data
Units Limit Qualifiers

ng/g 0 . 083

Reported By: Marl eel Baquerfo Approved By: Robert Hrabak

1
1

The cover letter is an integral part of
Rev 230787

this report.
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I LABORATORY CONTROL SAMPLE REPORT

Special Services - Low Resolution Mass Spectrometry
Project: 099963

• Category: TCDD1-S 2,3,7,8-TCDD - by Low Resolution MS
Test: TCDD-S

. Matrix: SOLID
• QC Lot: 30 JUN 98-A QC Run: 01 JUL 98-A
• r.nnrent.ratinn Units: na/a

Environmental

Concentration Units: ng/g
Concentration Accuracy(%)
" " ' " ' LCS LimitsI Loncentration

Analyte Spiked Measured
2,3,7,8-TCDD 2.50 2.74 110 60-164

• 13C-2,3,7,8-TCDD 2.5 1.6 64 40-120

I
I
I
I
I
I
I
I
I
I

• Calculations are performed before rounding to avoid round-off errors in calculated results.

I
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I APPENDIX E

FIELD DATA, DO PROFILE SUMMARY
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Phase I Perchlorate Treatablity Study
Bioreaetor D.O, Profiles

Date

Status
ft in direction of flow

Bioreactor Bottom

1/4 h

1/2 h

3/4 h

Bioreactor Top

0'
1'
2'
31

41

5'
61

T
8'
9'
10'
11'
12'
13'
14'
15'

1/25/98
19.8

1/29/98
25.0

AS turned off

0.50
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

0.65
0.20
0.12
0.10
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

-

3/17/98
10.3

3/18/98
10.3

3/19/98
10.0

3/20/98
10.1

3/21/98
10.0

3/22/98
10.0

3/23/98
9.9

3/24/98
10.8

3/25/98
14.8

3/30/98
15.3

4/1/98
14.7

4/2/98
14.8

4/3/98
15.1

4/4/98
19.8

2.25
1.25
0.35
0.25
0.15
0.09
0.10
0.07
0.06
0.06
0.05
0.05
0.05
0.05
0.05

-

2.20
1.00
0.54
0.23
0.17
0.14
0.09
0.06
0.05
0.06
0.06
0.05
0.05
0.05
0.04

-

2.60
1.95
1.23
0.66
0.30
0.25
0.20
0.12
0.07
0.07
0.06
0.06
0.06
0:06
0.06

-

2.53
2.00
0.73
0.40
0.24
0.19
0.12
0.08
0.07
0.06
0.06
0.05
0.06
0.06
0.06

-

2.84
1.48
0.68
0.42
0.25
0.18
0.12
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06

-

2.50
2.25
1.05
0.40
0.22
0.18
0.13
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05

-

2.40
0.81
0.68
0.35
0.20
0.16
0.14
0.09
0.08
0.06
0.06
0.06
0.06
0.06
0.06

-

3.32
2.16
2.02
0.79
0.40
0.30
0.18
0.20
0.15
0.08
0.08
0.08
0.08
0.08
0:08

-

4.60
4.00
2.30
1.20
1.00
0.75
0.40
0.19
0.16
0.14
0.14
0.14
0.14
0.14

-
-

2.83
2.00
1.20
0.70
0.70
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

2.10
0.80
0.50
0.20
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

3.80
2.00
0.80
0.40
0.30
0.30
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

3.80
2.00
0.80
0.40
0.30
0.30
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

3.80
2.00
0.80
0.40
0.30
0.30
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-
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Phase I Perchlorate Treatability Study
Bioreactor D.O. Profiles

Date

Status
ft in direction of flow

Bioreactor Bottom

1/4 h

1/2 h

3/4 h •

Bioreactor Top

Of
1'
2'
3'
4'
5'
6'
7'
8'
9'
10'
11'
12'
13'
14'
15'

4/5/98
19.9

4/6/98
19.6

4/8/98
19.2

4/9/98
19.3

4/10/98
17.5

4/14/98
15.3

4/15/98
15.2

4/17/98
15.0

4/19/98
15.0

4/20/98
16.0

4/21/98
15.9

4/22/98
16.0

4/23/98
-

4/24/98
15.0

AS turned on

3.70
2.30
1.20
1.00
0.30
0.30
0,20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10

-

3.70
2.30
1.20
1.00
0.30
0.30
0.20
0.10
0.10
0.10
0.10
0.10
0.10
0.10
0.10
-

0.90
0.55
0.29
0.20
0.18
0.16
0.10
0.09
0.09
0.09
0.08
0.08
0.08
0.08

-
-

1.90
0.34
0.24
0.11
0.11
0.08
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.06
.
-

1.28
0.70
0.33
0.28
0.16
0.10
0.08
0.08
0.07
0.07
0.07
0.07
0,07
0.07

-
-

0.98
0.62
0.36
0.22
0.14
0.08
0.07
0.06
0.06
0.06
0.05
0.05
0.05
0.05

-
-

1.18
0.47
0.24
0:1 5
0.15
0.11
0.09
0.08
0.08
0.08
0.08
0.07
0.07
0.07
..
-

2.70
1.12
0.70
0.31
0.22
0.18
0.10
0.07
0.07
0.07
0.07
0.07
0.06
0.07
.
-

3.42
2.19
1.20
0.55
0.45
0.20
0.22
0.09
0.06
0.06
0.06
0.06
0.06
0.06
0.06

-

0.82
0.68
0.48
0.27
0.13
0.10
0.08
0.08
0.08
0.07
0,07
0.07
0.08
0.07

-
-

0.99
0.25
0.18
0.10
0.10
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.06

-
-

1.12
0.65
0.35
0.15
0.15
0.10
0.08
0.08
0.08
0.08
0.14
0.10
0.10
0.09

-
-

1.06
0.55
0.30
0.19
0.16
0.09
0.07
0.06
0.06
0.06
0.06
0.06
0.06
0.06

-
-

0.66
0.46
0.30
0.26
0.14
0.11
0.08
0.07
0.07
0.07
0.07
0.06
0.06
0.06

-
-
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Phase I Perchlorate Treatability Study
Bioreactor D.O. Profiles

Date

Status
ft in direction of flow

Bioreactor Bottom

1/4 h

1/2 h

3/4 h

Bioreactor Top

O1

r
2'
3'
4'
5'
e
T
8'
9'
10'
11'
12'
13'
14'
15'

4/26/98
8.7

4/27/98
10.0

4/28/98
10.2

4/29/98
9.7

4/30/98
9.7

5/4/98
9.8

5/6/98
9.1

5/7/98
9.9

5/8/98
9.7

5/10/98
10.1

5/11/98
9.8

5/12/98
9.9

5/13/98
10.0

5/14/98
10.1

0.25
0.45
0.20
0.15
0.10
0.06
0.06
0.05
0.05
0.05
0.05
0.05
0.05
0.05

-
-

0.55
0.12
0.07
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.05
0.05
0.05
0.05

-
-

0.65
0.13
0.10
0.09
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.06
0.07
0.07

-
-

0.21
0.13
0.10
0.09
0.08
0.08
0.07
0.07
0.08
0.07
0.07
0.08
0.07
0.06

-
-

0.41
0.30
0.17
0.09
0.07
0.06
0.06
0.06
0^06
0.06
0.05
0.06
0.06
0.06

-
-

3.68
3.20
3.30
3.44
3.46
2.82
2.74
2.71
2.63
2.57
2.58
4.42
3.08
2.82

-
-

0.72
0.61
0.44
0.44
0.34
0.22
0.18
0.08
0.07
0.07
0.07
0.08
0.07
0.07

-
-

1.22
0.62
0.37
0.23
0.17
0.10
0.09
0.07
0.07
0.06
0.06
0.38
0.36
0.07

-
-

0.72
0.44
0.20
0.13
0.10
0.10
0.09
0.07
0.06
0.06
0.06
0.44
0.22
0.06

-
-

0.74
0.28
0.13
0.11
0.10
0.09
0.09
0.07
0.07
0.07
0.08
0.84
0.47
0.09

-
-

0.60
0.39
0.28
0.09
0.11
0.11
0.10
0.09
0.07
0.06
0.09
0.25
0.52
0.30

-
-

1.25
0.61
0.27
0.14
0.14
0.13
0.12
0.12
0.11
0.11
0.11
0.31
0.35
0.37

-
-

0.68
0.38
0.16
0.14
0.13
0.10
0.08
0.08
0.08
0.08
0.07
0.12
0.08
0.08

-
-

1.26
0.57
0.22
0.15
0.08
0.08
0.06
0.06
0.06
0.05
0.06
0.24
0.35
0.11

-
-
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Phase I Perchlorate Treatability Study
Bioreactor D.O. Profiles

Date

Status
ft in direction of flow

Bioreactor Bottom

1/4 h

1/2 h

3/4 h

Bioreactor Top

0'
1'
2
3'
4'
5'
6'
T
&
9'
10'
11'
12'
13'
14'
15'

5/15/98
9.7

5/17/98
9.9

5/18/98
9.8

5/23/98
15.2

5/24/98
15.0

5/27/98
26.0

0.91
0.32
0.15
0.12
0.10
0.08
0.07
0.07
0.07
0.07
0.07
0.08
0.12
0.07

-
-

1.09
0.42
0.18
0.11
0.08
0.07
0.07
0.07
0.06
0.06
0.06
0.10
0.11
0.07

-
-

0.94
0.36
0.13
0.09
0.08
0.07
0.05
0.05
0.05
0.05
0.05
0.08
0.05
0.05
.
-

-
-
-
-

0.15
-
-
-

0.07
-
-
.
.
.

0.07
-

0.35
0.28
0.31
0.14
0.14
0.12
0.12
0.12
0.11
0.12
0.12
0.11
0.14
.
.
-

0.17
0.30
0.22
0.14
0.13
0.11
0.11
0.11
0.11
0.11
0.17
0.20
0.19
0.21
.
-

6/8/98
19.9

6/9/98
19.8

6/10/98
19.9

6/11/98
20.0

6/12/98
19.9

6/14/98
20.3

6/15/98
-

6/17/98
19.9

AS runs after Reactor

1.10
0.50
0.40
0.29
0.21
0.08
0.08
0.10
0.08

-
-
-
-
-

0.10
-

0.48
0.32
0.25
0.17
0.13
0.06
0.06
0.05
0.06
0.06
0.06
0.06
0.06
0.06

-
-

0.80
-
-
-

0.22
-
-
-

0.07
-
-

0.06
-

0.06
-
-

0.90
0.70
0.84
0.44
0.22
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.10

-
-

1.70
0.72
0.33
0.30
0.20
0.09
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08

-
-

0.99
0.99
0.37
0.17
0.07
0.08
0.07
0.08
0.08
0.08
0.08
0.08
0.08
0.10

-
-

0.14
0.16
0.11
0.10
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.08

-
-

0.45
0.29
0.28
0.26
0.25
0.24
0.24
0.24
0.24
0.24
0.23
0.24
0.24
0.25

-
-
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Phase I Perchlorate Treatability Study
Summary of Collected Operational Data

1

1

I

I

1

1

1

i
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Date

7-Nov
8-Nov
9-Nov
10-Nov
11-Nov
12-Nav
13-Nov
14-Nov
15-Nov
16-Nov
17-Nov
18-Nov
19-Nov
20-Nov
21-Nov
22-Nov
23-Nov
24-Nov
25-Nov
26-Nov
27-Nov
28-Nov
29-Nov
30-Nov
1-Dec
2-Dec
o r^rtrt

4-Dec
5-Dec
6-Dec
7 Hor"

8-Dec
9-Dec
10-Dec
1 1-Dec
1 2-Dec
13-Dec
1 4-Dec
1 5-Dec
1 6-Dec
17-Dec
1 8-Dec
1 9-Dec
20-Dec
21 -Dec
22-Dec
23-Dec
24-Dec
25-Dec

AS-Effl.
gpm
5.1
3.9
3.8
3.6
3.5
4.1
3.8
4.0
3.8
3.9
4.0
4.3
4.4
10.1
9.8

10.9
10.6
15.2

20.1

20.2
20.7
19.6

20.5
20.0
5.0
10.3
10.0
10.0
29.9
29.9
29.4
29.6
29.0
29.4
30.0
29.4
28.3
28.6
28.9
29.0

• 29.1
25.1

Flowrate
Reactor

gpm
30.1
30.1
29.7
29.5
30.1
30.6
30.0
30.0
29.9
30.1
29.9
27.0
29.6
29.5
30.7

30.8
30.5
30.2

31.1

31.3
30.8
25.0

29.9
30.2
OO *3

29.8
31.0
30.3
30.8
31.0
30.4
30.4
30.2
30.0
31.0
29.7
28.9
29.6
29.2
29.5
29.4
30.3

AS-lnfl.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_
-
-

_

.
-
-

_
-

_
-
-
-
-
-
-
-
-
-
„
-
-
-
-
-
-

AS-Effl

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

_

-
-

_

-

_

-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-

R-lnfl.

8.38
8.22
8.43
8.34
8.76
8.55
8.50
8.92

-
-

8.67
8.35
8.36

-
-

8.21
7.99
8.45

8.34

8.46
8.38
8.10

8.20
8.30

7.83
8.00
7.29
7.96
7.67
7.49
7.60
8.22
7.91
7.75
7.28
7.82

-
-

7.75
7.60
7.65

pH
R-25%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

„

-

-

„

-

„

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-50%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

„

-

-

„

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
„

-

-

-

-

-

-

R-75%

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

„

-
-

„

_

-
-

„

-

_

-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-

R-Effl.

7.15
8.34
8.39
7.93
8.70
8.62
7.17
8.90
8.00
7.48
8.81
8.41
8.36
8.07
8.21

8.27
8.07
8.61

8.46

8.61
8.53
8.29

8.09
8.05

7.72
8.08
7.00
7.64
7.87
7.56
8.17
8.58
8.36
8.19
7.72
7.99
-

7.77
7.91
7.47
7.74

AS-lnfl
°C
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

_

-
-

_

-

_

-
-
-
-
-
-
-
-
-
„

--
-—
-

-
-

AS-Effl
°C
-
-
-
-
-
-
-
-
-
-

_ -
-
-
-
-

..

-
-

„

„

-
-

_

-

_

-
-
-
-
-
-
-
-
-
_

— _

--
-
-
-
-

R-lnfl.
°C

22.1
18.3
19.6
18.6
18.0
20.2
19.1
19.3
15.0
17.1
19.1
18.2
18.6
18.7
18.9

19.9
19.5
14.5

17.7

13.9
13.9
15.2

15.3
16.6

13.3
18.3
17.5
18.3
17.5
17.8
18.3
18.5
18.6
18.7
17.2
19.0
17.2
18.8
18.5
18.6
18.8

T
R-25%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-50%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
„

-

-

-

-

-

-

R-75%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

-

-

-

_

-

_

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-Effl.
°C

22.1
18.6
19.9
19.1
18.7
19.6
18.8
19.3
15.9
17.2
19.2
18.4
18.5
18.6
19.2

20.1
19.3
15.4

17.4

14.3
14.7
15.7

14.4
16.6

14.7
18.1
18.0
18.6
16.3
16.7
17.3
18.5
18.7
18.8
17.7
19.1
17.4
18.8
18.1
18.6
18.8

AS-lnfl.
mV
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

„

-
-

„

_

-
-

_

-

_

-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-

AS-Effl.
mV
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

_

-
-

„

-

_

-
-
-
-
-
-
-
-
-
.

-
-
-
-
-
-

R-lnfl.
mV
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

.

-
-

_

-

_

110.0
-41.1
118.5
153.3
228.6
108.6
104.6
90.8
76.0

_
65.5
105.6
74.9
60.4
101.3
53.1

ORP
R-25%

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

_

-
-

_

-

_

-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-

R-50%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-75%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
„

-

-

-

-

-

-

R-Effl.
mV
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_

-
-

_

„

-
-

„

-

»

96.3
-72.1
35.0
180.5
172.7
71.4
96.0
42.5
40.8

..

65.0
37.8
38.0
30.0
98.2
21.3

R-lnfl.-lnline
ppm
1.4
1.6
1.1
1.0
0.7
0.6
1.2
1.5
1.2
1.3
0.9
0.7
1.1
0.7
0.5

0.4
0.4
0.4

0.4

5.3
4.6
4.1

6.0
6.1

5.2
4.3
-

8.3
8.1
-

8.2
8.4
8.0
8.5
8.3
9.2
9.3
9.8
10.6
11.1
9.5

R-lnfl.

-
-
-
-
n

-

-

-

-

-

-

-

-

-

_

-'.

-

„

'

_

-'

-

„

-

„

-

-

-

-

-

-

-

-

„

- |

-

-

-

-
i

R-25%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

..

-

-

„

-

„

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

D.O
R-50%

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

„

-

_

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-75%

-

-

-

-

-

-

- •

-

-

-

-

-

-

-

-

_

-

-

_

_

-

-

_

-

_

-

-

-

-

-

-

-

-

-
_

-

-

-

-

-

-

R-Effl.

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

,

-
-

„

_

-
-

_

-

_

-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-

R-Effl.-lnline
ppm
0.1
0.1
0.1
0.0
0.1
0.0
0.0
0.6
0.1
0.1
1.0
0.0
0.0
0.0
0.0

0.1
0.2
0.1

0.1

0.5
0.1
0.0

3.3
2.7

2.5
1.5
1.5
0.3
2.0
0.5
0.2
0.2
0.2
0.2
0.3
0.3
0.5
0.6
0.3
0.4
0.7

Ethanol
Flowrate
ml/min

-
-
-
-
- - .
- ;
-
-
-
-
-
-
-
-
-

„

-
-

_

_

-
-

_

-

_

-
-

4.1
10.4
2.0
7.0
9.4
6.4
5.9
5.6
5.9
8.2
9.3
8.3
9.4
2.9
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I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
1
1

Phase I Perchlorate Treatability Study
Summary of Collected Operational Data

.Date

26-Dec
97 Dor£.1 -UGU

28-Dec
29-Dec
30-Dec

31 -Dec
1-Jan
2-Jan
3-Jan
4-Jan
5- Jan
6-Jan
7-Jan
8-Jan
9-Jan
10-Jan
11-Jan
12-Jan
13-Jan
14-Jan
15-Jan
16-Jan
17-Jan
18-Jan
19-Jan
20-Jan
21 -Jan
22-Jan
23-Jan
24-Jan
25-Jan
26-Jan

27-Jan
28-Jan
29-Jan
30-Jan
31 -Jan
1-Feb
2-Feb
3-Feb
4-Feb

5-Feb
6-Feb
7-Feb
8-Feb
9-Feb
10-Feb
1 1-Feb

AS-Effl.
gpm
24.0

20.0
20.1
20.6

20.3

19.5
20.7

19.5
20.0
20.8
20.1
20.0
20.0
19.0
19.2
19.5
19.2
19.8
20.0

20.1
19.5
19.5
20.0

20.6
20.2
19.8
20.0

20.0
25.0
25.0
25.5
25.8
25.9
25.0
24.2
26.4

25.1
24.9
94 K.
j£*T,*J

14.0
14/20

Flowrate
Reactor

gpm
30.1

30.0
30.0
29.9

30.0

28.8
28.8

28.9
29l5
29.5
30.0
30.0
30.1
30.0
29.3
29.8
29.8
30.0
30.5

29.2
27.5
29.0
29.0

31.0
29.4
29.5
30.0

30.5
29.9
29.7
30.1
29.1
28.9
28.8
30.8
29.2

30.7
29.0
V) ^O'U.iJ

on &oU.b
32.1

AS-lnfl

-

_

-

_

„

-

7.31
7.26
7.14
6.88
6.88
7.00

-
-

7.01
7.12
7.16
7.22

_
7.21
7.16
6.97

7.14
7.10
7.17
7.17

7.19
-
-
-
-
-
-
-
-

.
-

-

AS-Effl

-

_

-

.

_

-

8.17
8.13
8.01
7.75
7.73
7.84

-
-

7.80
7.92
7.88
7.94

_
7.98
7.82
7.76

7.26
7.11
7.25
7.16

7.20
7.11
7.17
7.13

-
-

7.35
7.27
7.20

7.44
7.08

-

R-lnfl.

7.87

7.72
7.64

8.13

8.03
8.00

8.05
8.25
8.12
8.04
7.97
8.09
8.20
8.10
7.95
8.07
7.96
8.09

8.15
8.01
7.80
7.77

7.42
7.31
7.40
7.36

7.38
7.30
7.22
7.27
7.33
7.19
7.41
7.37
7.27

7.47
7.20

7.68

pH
R-25%

-

_

-

.

_

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

.

_

-

-

_

-

7.80
-
-

7.96
8.02
7.95
7.87

_
7.88

-

R-50%

-

_

-

_

_

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

.

_

-

-

_

-

7.7
-
-

7.76
7.93
7.9
7.61

.
7.69

-

R-75%

-

_

-

_

_

-

„

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

.

_

-

-

_

-

7.76
-
-

7.87
7.80
7.81
7.70

_
7.67

-

R-Effl.

8.00

7.94
7.99

8.26

8.24
8.16

8,54
8.49
8.51
8.25
8.18
8.28
8.48
8.09
8.21
8.33
8.30
8.34

8.29
8.21
7.87
7.82

7.84
7.88
8.02
7.97

7.83
7.83
7.81
8.27
7.97
7.86
7.93
7.82
7.71

7.83
7.69

7.98

AS-lnfl
°C
-

_

-

_

_

-

18.6
1&fi
18.1
18.7
18.7
19.0
-
-

19.2
18.9
19.1
19.2

_
18.8
18.8
18.6

18.7
19.0
18.7
18.7

19.3
-
-
-
-
-
-
-
-

_
-

.

AS-Effl
°C
-

_

-

.

_-• •

-

-18.3
J.8.2
18.4
18.5
18.6
18.8
-
-

19.1
18.8
18.9
19.2

.
18.7
18.6
18.3

18.8
19.1
18.7
19.0

19.3
19.1
19.2
18.9
-
-

19.1
19.0
19.0

~18.8
18.9#

-

R-lnfl.
«C

18.7

18.5
19.2

19.3

.18.3
18.6

18.2
18.1
18.3
18.6
18.7
18.9
18.9
18.8
19.2
18.9
18.9
19.3

19.2
18.6
18.6
18.1

18.9
19.2
19.0
19.0

19.4
19.1
19.2
18.8
18.9
19.0
19.2
19.0
19.2

18.9
19.2#

19.3#

T
R-25%

-

_

-

-

_

-

„

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

.

-

-

-

-

-

18.6
-
-

17.9
18.0
17.7
19.2#

-
19#

19.3#

R-50%

-

_

-

_

_

-

„

-
-
-
-
-
-
-
-
-
-
-

_

-
-

-

.

-
-

-

-

-

18.4
-
-

17.6
18.0
17.8
19.2#

-
19#

19.4#

R-75%

-

_

-

_

_

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

.

_

-

-

.

-

18.7
-
-

17.9
18.0
17.8
19.2#

-
19#

19.4#

R-Effl.
°C

18.8

19.1
19.4

19.3

18.0
18.6

18.4
18.2
18.4
18.6
18.7
18.8
18.8
17.7
19.2
18.9
18.9
19.3

19.1
18.6
18.6
18.3

18.8
19.3
19.0
19.0

19.5
19.1
19.2
19.0
18.9
18.5
19.1
48.9
19.1

18.8
18.9#

19.4#

AS-lnfl.
mV
-

_

-

_

„

-

144.5
118.7
138.4
95.6
58.0
82.5

-
-

85.1
64.0
39.0
107.6

_
70.1
124.0
105.5

122.5
64.5

-
-

134.5
-
-
-
-
-
-
-
-

_
-

-

AS-Effl.
mV
-

_

-

.

_

-

148.7
130.1
120.9
75.5
45.0
75.9

-
-

68.1
52.0
28.5
96.8

.
53.4
102.0
100.0

123.4
-5.9
19.7

129.0

126.2
21.6
-16.4
25.4

-
-

-100.2
-

106.0

84.3
-33.5

-

R-lnfl.
mV

92.8

100.7
105.5

-7.0

87.8
114.8

107.0
-26.0
43.8
25.0
28.0
5.0

49.2
29.5
-19.0
-49.0
-63.0
-5.0

-107.6
-100.0
-97.0
-93.0

-125.0
-178.3
-188.0
-204.0

-203.0
-191.9
-208.8
-202.7
-201.6
-226.0
-243.8
-253.9
-249.5

-231.5
-241.0

-313.9

ORP
R-25%

-

_

-

_

_

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

"

_

-

-

_

-

-229.5
-
-

-284.5
-273.8
-260.5
-242.5

_
-249.9

-

R-50%

-

_

-

_

_

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

!..-
..

-250.7
-
-

-274.2
-279.0
-240.3
-252.0

_
-292.0

-

R-75%

-

_

-

_

„

-

_

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

"

_

-

-

_

-

-216.2
-
-

-263.2
-280.1
-320.0
-276.5

_
-267.0

-

R-Effl.
mV

35.0

62.3
63.0

-22.1

35.2
70.4

32.0
-94.0
-130.0
-116.6
-103.0
-180.0
-20.0
16.0

-180.0
-212.0
-161.0
-182.0

-244.0
-275.0
-205.0
-215.0

-208.0
-225.0
-214.0
-239.0

-235.0
-263.0
-274.0
-281.0
-286.2
-304.2
-310.0
-323.0
-318.0

-308.7
-314.1

-318.1

R-lnfl.-lnline
ppm
8.4

C "7D./

6.6
6.0

6.2

5.1
5.2

5.3
5.7
6.3
5.8
6.0
5.3
5.1
2.5
6.0
6.1
5.3
5.9

5.2
5.6
6.6
7.0

4.2/0.9
0.8
0.5
0.8

0.8
0.9
0.8
0.9
0.7
1.2
0.7
0.5
0.8

1.0
1.0

•i •*i .0
0.6

R-ln

-

.

-

.

_

-

_

-
-
-
-
-
-
-
-
-
-
-

_
-
-

-

"

.

-

.
-
-
-
-
-

0.5
0.5
-

_
.35

.14

n.

*

it

k

R-25%

-

„

-

_

„

-

_

-

-

-

-

-

-

-

-

-

-

-

.

-

-

-

!_.-
.-

0.1*
-
-

0.6
0.1*
0.1*
.12*

-
0.08*

0.09*

D.O
R-50%

-

..

-

„

„

-

_

-

-

-

-

-

-

-

-

-

-

-

.

-

-

-

!_.-
.-

0.1*
-
-

1.0
0.1*
0.1*
0.1*

-
0.06*

0.08*

R-75%

-

_

-

_

_

-

„

-

-

-

-

-

-

-

-

-

-

-

_

-

-

-

."

_

-

-

_

-

0.1*
-
-

1.5
0.08*
0.08*
0.1*

.
0.06*

0.08*

R-Effl.

-

„

-

-

„

-

_

-
-
-
-
-
-
-
-
-
-
-

_

-
-

-

„

-
-

-

.

-
-
-
-
-

0.08*
0.08*

-

_
.11*

0.07*

R-Effl.-lnline
ppm
0.2

0.2
0.2
0.3

0.3

0.3
0.2

0.3
0.3
0.3
0.3
0.4
0.3
0.3
0.3
0.2
0.2
0.2
0.3

0.2
0.2
0.3
0.2

0.2
0.1
0.1
0.1

0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.3
0.3

0.3
0.4

^ no.u

0.5

Ethanol
Rowrate
ml/min
5.4

4 9T^.%3

7.2
7.1

7.7

6.5
10.2

4.7
5.3
15.2
17.6
16.9
18.8
21.1
22.4
18.4
18.9
22.0
16.3

17.2
23.4
21.0
18.8

8.7
6.1
11.9
13.3

12.2
11.5
10.7
8.6
1.0
9.6
7.2
9.3
7.7

8.4
9.8
Q R
*J,\J

-
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I
I
I
1
I
I

Phase I Perchlorate Treatability Study
Summary of Collected Operational Data

I
I
I
I
I
I
I
I
I
I
I
I

Date

12-Feb
13-Feb
14-Feb
15-Feb
16-Feb
17-Feb
18-Feb
19-Feb
20-Feb
21-Feb
22-Feb
23-Feb
24-Feb
25-Feb
26-Feb
27-Feb
28-Feb
1-Mar
2-Mar
3-Mar
4-Mar
5-Mar
6-Mar
7-Mar
8-Mar
9-Mar
10-Mar
1 1-Mar
1 2-Mar
1 3-Mar
14-Mar
1 5-Mar
1 6-Mar
1 7-Mar
1 8-Mar
1 9-Mar
20-Mar
21-Mar
22-Mar
23-Mar
24-Mar
25-Mar
26-Mar
27-Man
28-Mar
29-Mar
30-Mar
31-Mar
1-Apr
2-Apr
3-Apr

AS-Effl.
gpm

20.6/25.2

25.1

25.2

25.2
25.6
25,1
25.5

25.0
25.0
25.0
24.9
25.0

25.5
25.3
24.5
25.8
24.8
25.0

26.1
26.6
25.5
25.0
25.4
25.0

9.9
10.3
10.3
10.0
10.1
10.0
10.0
9.9
10.8
14.8

15.4

_

15.3
14.7
14.7
14.8
15.1

Flowrate
Reactor

gpm
32.2
29.8

29.0

30.1
29.0
30.8
30.8

30i5
30.0
30.0
29.2
29.8

29.0
30.0
30.6
29.8
29.4
30.0

28.2
28.0
31.2
29.9
28.4
30.5

29.9
29.8
29.5
29.6
29.9
29.7
30.5
30.2
29.9
29.0

29.9

_

28.6
30.1
30.1
29.6
29.8

AS-lnfl.

-
-

-

_

-
. ,-

-

_

-
-
-
-

_

-
-
-
-
-

_

-
-
-
-
-

6.94
7.14
7.11
7.03
7.06
7.06
7.12
7.13
7.12
7.09

-

_
-
-
-
-
-

AS-Effl

-

7.27

6.92

7.50
7.18
6.99
7.14

6.93
7.19
7.02
7.23
7.04

7.15
7.24
7.17
7.12
7.20
7.21

_

7.24
7.22
7.20
7.15
7.05

7.90
8.03
8.03
7.96
7.94
7.99
8.00
8.02
7.98
7.97

8.1

_
8.0

8.0
8.0

8.07

R-lnfl.

7.58
7.35

7.13

7.59
7.24
7.11
7.17

6.95
7.25
7.04
7.28
7.16

7.29
7.35
7.23
7.17
7.30
7.32

7.17
7.39
7.35
7.31
7.25
7.16

8.05
8.43
8.49
8.35
8.40
8.39
8.56
8.53
8.46
8.22

8.3

_
8.1
-

8.2
8.5

8.53

pH
R-25%

7.92
7.99

7.65

8.03
7.90

-
7.63

„
-
-
-
-

_
-
-
-
-
-

_
-
-
-
-

7.9

„

8.5
8.6
8.5
8.5
-

8.7
8.7
-

8.42

-

_
-
-
-
-
-

R-50%

7.78
7.75

7.35

7.81
7.65

-
7.40

_
-
-
-
-

„
-
-
-
-
-

„
-
-
-
-

7.9

..

8.5
8.6
8.5
8.5
-

8.6
8.7
-

8.43

_

_
-
-
-
-
-

R-75%

7.90
7.85

7.41

7.86
7.72

-
7.49

_
-
-
-
-

_
-
-
-
-
-

.
-
-
-
-

7.9

.

8.5
8.6
8.5
8.5
-

8.7
8.7
-

8.40

-

„
-
-
-
-
-

R-Effl.

7.85
7.85

7.36

7.87
7.69
7.37
7.57

7.20
7.65
7.39
7.78
8.05

8.22
8.30
8.19
8.19
8.30
8.34

7.91
8.20
8.19
8.02
7.93
7.95

8.11
8.55
8.60
8.47
8.52
8.51
8.67
8.65
8.63
8.44

8.5

_

8.4
-

8.4
8.7

8.79

AS-lnfl
°C
-
-

_

_

-
-
-

„

-
-
-

„

-
-
-
-
-

_

-
-
-
-
-

20.6
21.5
20.9
20.8
20.8
20.6
20.6
20.4
20.6
19.9

_

•

-
-
-
-
-

AS-Effl
«C
-

19.1

18.8

19.2
18.9
18.8
19.1

-16.7
-49.0
19.1
19.1
19.3

20.0
19.4
19.6
19.5
18.6
19.1

_

19.4
19.9
19.9
19.8
19.4

20.8
21.9
20.9
21.1
21.0
20.6
20.8
20.5
20.7
19.8

J9.5

_

19.8
-

19.3
19.3
19.4

R-lnfl.
°C

19.0#
19.3#

18.9#

19.2#
19.2#
18.8#
19.3#

16.7
19.3#
19.3#
19.20
19.3#

19.4#
19.4#
19.3#
19.5
18.8
19.2#

19.4#
19.6#
19.8#
19.8#
19.7#
19.6#

21.3
21.5#
21. 1#
20.5#
21#

20.5#
20.9#
20.6#
20.9#
20.1#

19.5#

19.8#
-

19.4#
19.3#
19.3
19.4

T
R-25%

19.2#
19.3#

19#

19.3#
19.2#

-
19.3#

_

19.3#
19.3#

-
19.3#

19.4#
19.4#
19.3#

-
-

19.2#

„

19.6#
19.8#
19.8#
19.7#
19.6#

_

21. 5#
21. 1#
20.6#
21#

20.5#
20.9#
20.6#
20.9#
20.3#

-

_
-
-
-
-
-

R-50%

19.2#
19.3#

19.1#

19.4#
19.3#

-
19.3#

_

19.3#
19.3#

-
19.3#

19.5#
19.4#
19.4#

-
-

19.2#

_

19.6#
19.8#
19.8#
19.7#
19.6#

_

21 .5#
21.1#
20.6#
21#

20.5#
20.9#
20.6#
20.9#
20.3#

-

_
-
-
-
-
-

R-75%

19.1#
19.3#

19.1#

19.3#
19.2#

-
19.3#

„

19.3#
19.3#

-
19.3#

19.5#
19.4#
19.4#

-
-

19.2#

_

•J9.6#
•i9.8#
19.9#
\9.7#
•19.6#

_

21.5#
21 .2#
20.6#
21#

20.5#
20.9#
20.6#
20.9#
20.3#

-

_
-
-
-
-
-

R-Effl.
«C

19.1#
19.3#

19.0#

19.4#
19.3#
18.8#
19.2#

16.3
19.2#
19.2#
19.20
19.3#

19.5#
19.4#
19.4#
19.6
18.9
19.2#

19.5#
19.6#
19.8#
19.8#
19.7#
19.6#

21.3
21.5#
21. 1#
20.6#
21#

20.5#
20.9#
20.6#
20.9#
20.2#

19.5#

20#
-

19.5#
19.4#
19.4
19.4

AS-lnfl.
mV
-
-

_

_
-
-
-

_
-
-
-
-

..
-
-
-
-
-

„
-
-
-
-
-

_
-
-
-

-41.5
-

-10.0
-

95.0
-

_

_
-
-
-
-
-

AS-Effl.
mV
-

81.0

48.9

-77.3
-87.2
-82.7
-29.6

96.0
108.1
75.4
34.3
122.0

136.5
116.7
107.0
10.2
108.1
113.6

.

-1.7
-32.0
19.0
-19.5
-51.1

112.9
17.2
50.0
-57.5
-24.4
-29.4
15.4
56.5
55.4
65.5

78.3

_

153.1
-

1.9
55.7
68.1

R-lnfl.
mV

-286.8
-259.4

-191.3

-206.9
-235.2
-230.5
-244.9

-229.6
-230.3
-238.9
-217.8
-219.5

-104.0
-89.0
-87.0
-91.2
-102.7
-102.4

-92.7
-121.4
-132.0
-143.0
-164.0
-175,2

-119.1
-182.7
-172.5
-162.1
-162.9
-195.1
-157.8
-183.4
-165.6

8.5

61.5

_

140.1
-

-117.5
-116.0
-108.1

ORP
R-25%

-311.0

-309.6

-185.2

-219.5
-220.0

-
-288.0

_
-
-
-
-

„
-
-
-
-
-

_
-
-
-
-

-185.7

„

-225.7
-237.7
-180.5
-197.5

-
-209.9
-207.4

-
-67.0

-

_
-
-
-
-
-

R-50%

-322.8
-325.8

-265.1

-274.7
-278.6

-
-306.5

_
-
-
-
-

..
-
-
-
-
-

_
-
-
-
-

-194.1

m

-225.1
-303.7
-186.2
-220.0

-
-226.0
-223.7

-
-68.6

-

_
-
-
-
-
-

R-75%

-247.4
-265.5

-270.5

-270.8
-250.8

-
-257.7

_
-
-
-
-

_
-
-
-
-
-

..
-
-
-
-

-217.7

„

-243.1
-266.3
-155.0
-196.7

-
-192.0
-180.3

-
-60.0

_

_
-
-
-
-
-

R-Effl.
mV

-328.2
-317.1

-273.6

-298.5
-314.5
-290.5
-265.1

-284.5
-285.0
-294.0
-281.0
-287.0

-167.4
-155.0
-157.7
-161.1
-148.1
-184.7

-170.6
-179.5
-201.1
-201.1
-221.5
-227.5

-185.4
-250.8
-305.5
-216.3
-253.0
-277.2
-230.9
-225.1
-212.5
-61.5

26.0

_

86.1
-

-179.7
-199.7
-199.7

R-lnfl.-lnline
ppm
0.7
0.9

0.8

0.9
0.9
0.8
0.9

1.2
0.9
0.9
0.8
0.9

0.8
0.9
0.8
0.9
0.7
1.0

0.7
0.9
0.7
0.9
0.8
0.8

3.9
2.2
3.7
3.1
2.5
3.0
3.3
2.4
2.8
4.3

4.1

„

4.8
3.7
4.0
4.0
4.3

R-lnfl.

0.14*
0.43*

0.13*

.6*

.7*
-

.45*

_

.35*

.52*
-

.31*

.4*
.34*
.5*

.45*

.32*

.42*

.38*
.4*
.5*

.22*

!

2.25*
2.2*
2.6*
2.53*
2.84*
2.5*
2.4*
3.32*

-

4.08*

_

2.83*
-

3.1*
3.8*,
3.5^

R-25%

0.09*
0.20*

0.1*

.18*

.28*
-

.18*

_.

.17*

.18*
-

.1*

.14*

.17*

.16*
-
-

.14*

_

.12*

.15*

.11*

.09*

.11*

_.

0.25*
0.23*
0.66*
0.4*
0.42*
0.4*
0.35*
0.79*

-

1*

_
0.7*

-
0.5*
0.4*
0.3*

D.O
R-50%

0.07*
0.10*

0.09*

.15*

.17*
-

.14*

„

.13*

.12*
-

.06*

.09*
.1*
.11*
-
-

.1*

_

.1*
.07*
.08*
.08*
.08*

_

0.07*
0.06*
0.12*
0.08*
0.06*
0.06*
0.09*
0.2*
-

0.1*

„

0.1*
-

0.1*
0.1*
0.1*

R-75%

0.06*
0.10*

0.09*

.15*

.15*
-

.15*

_

.13*

.12*
-

.06*

.09*
.1*
.11*
-
-

.1*

_

.1*
.07*
.1*

.08*

.09*

„

0.05*
0.05*
0.06*
0.05*
0.06*
0.05*
0.06*
0.08*

-

0.1*

_

0.1*
-

0.1*
0.1*
0.1*

R-Effl.

0.06*
0.12*

0.08*

.2*
.22*
-

.22*

_
.13*
.14*
.11*
.05*

.1*
.11*
.1*
-
-

.1*

.17*

.09*

.06*

.08*

.07*

.05*

_

0.05*
0.04*
0.06*
0.06*
0.06*
0.05*
0.06*
0.08*

-

0.1*

_

0.1*
-

0.1*
0.1*
0.1*

R-Effl.-Inline
ppm
0.3
0.4

0.4

0.5
0.4
0.4
0.4

0.5
0.5
0.4
0.0
0.1

0.1
0.1
0.0
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1

_

0.1
0.1
0.1
0.1
0.1

Ethanol
Howrate
ml/min
5.9
5.9

9.4

7.3
9.9
6.7
10.6

_

8.4
7.6
7.8
5.8

5.5
5.4
5.4
5.5
6.4
4.9

7.2
6.4
5.5
9.4
8.3
7.8

_

3.5
1.7
4.3
2.2
3.2
2.2
2.3
2.8
2.8

1.3

_

2.5
-

4.3
4.5
4.4

Handing Lawson Associates PageS



I
I
I
I
I
I
I
I
I
I

Phase I Perchlorate Treatability Study
Summary of Collected Operational Data

I
1
1
1
I
I

.Date

4-Apr
5-Apr
6-Apr
7-Apr
8-Apr
9-Apr
10-Apr
11-Apr
12-Apr
13-Apr
14-Apr
15-Apr
16-Apr
17-Apr
18-Apr
19-Apr
20-Apr
21-Apr
22-Apr
23-Apr
24-Apr
25-Apr
26-Apr
27-Apr
28-Apr
29-Apr
30-Apr
1-May
2-May
3-May
4-May
5-May
6-May
7-May
8-May
9-May
10-May
It-May
12-May
1 3-May
14-May
1 5-May
1 6-May
17-May
1 8-May
1 9-May
20-May
21-May
22-May
23-May
24-May

Flowrate
AS-Effl.

gpm
19.8
19.9
19.6

19.2
19.3
17.5
15.0

15.3
15.2
15.4
15.0
15.5
15.0
16.0
15.9
16.0

15.0
9.8
8.7
10.0
10.2
9.7
9.7

9.8
8.7
9.1
9.9
9.7

10.1
9.8
9.9
10.0
10.1
9.7

9.9
9.8

15.2
15.0

Reactor
gpm
30.1
29.1
30.2

28.0
29.5
28.4
27.5

26.4
28.5
30.3
29.5
30.0
31.1
30.0
29.8
30.5
28.3

30.6

31.6
30.0
27.3
26.0
26.1

30.2
29.6
30.5
30.6
30.6

30.2
30.1
30.4
30.4
30.7
30.9

30.5
30.8

30.0
29.9

pH
AS-lnfl.

-

-

-

-

-

-

-

-

-

AS-Effl

8.04
7.97
8.06

7.90
7.90
8.02
8.19

7.73
7.78

7.93

7.87
8.29
8.05
7.99
8.16
7.86

8.10
8.05
8.06
8.02
8.05

8.24

8.25
8.21
8.13

8.22
8.22
8.22
8.09
8.14
8.08

8.14
8.18

R-lnfl.

8.32
8.26
8.38

7.90
8.18
8.30
8.47

8.07
7.92

8.24

8.21
8.60
8.34
8.25
8.44
8.31

8.42
8.38
8.37
8.34
8.36

8.71

8.25
8.32
8.36

8.52
8.46
8.41
8.26
8.33
8.38

8.38
8.36

R-25%

-

-

-

-

-

-

-

-

-

R-50%

-

-

-

-

-

-

-

-

-

R-75%

_

-

-

-

-

-

-

-

-

R-Effl.

8.67
8.65
8.73

8.52
8.55
8.66
8.74

8.37
8.44

8.51

8.47
8.83
8.63
8.50
8.70
8.52

8.48
8.49
8.49
8.50
8.49

8.79

8.26
8.38
8.46

8.62
8.54
8.49
8.28
8.38
8.38

8.44
8.45

T
AS-lnfl

°C

-

-

-

-

-

-

-

-

-

AS-Effl
°C

18.7
19.1
18.8

20.5
19.9
20.7
19.8

19.4
19.4

19.9

20.2
21.5
21.1
21.0
20.2
20.2

20.7
21.5
22.1
22.5
21.9

21.4
20.2
19.6#
20.3#
20.3#

18.5#
18.9#
19.0#
19.5#
19.9#
20.2#

18.9#
l8.7#

OA Q

R-lnfl.
°C

19.7#
19.7#
19.7#

19.6#
19.7#
19.9#
19.7

19.5#
19.5#

20.1#

20.2#
21. 1#
20.7#
20.7#
19.9#
20.2#

20.5#
21 .4#
21. 9#
22.5#
21 .8#

21.1#
21.0
20.2#
20.8#
20.6#

19.2#
19.3#
19.4#
21. 2#
20.2#
21.0#

19.3#
19.3#

R-25%

_

-

-

20.0

-

-

20.9#
20.7#

19.6#
19.8#
19.7#

-

R-50%

-

-

-

20.0

-

-

20.9#
20.7#

19.7#
19.8#
19.8#

-

R-75%

-

-

-

20.0

-

-

20.9#
20.7#

19.8#
19.8#
19.9#

-

R-Effl.
«c

19.7#
19.7#
19.2#

19.6#
19.9#
20.0#
19.2

19.7#
19.8#

19.9#

20.3#
21. 1#
20.8#
20.8#
19.9#
20.3#

20.7#
21.5#
21. 9#
22.4#
21 .9#

21. 2#
20.8
20.4#
20.9#
20.5#

19.3
19.2
19.3

20.1#
20.3#
20.8#

19.4#
19.5#

ORP
AS-lnfl.

mV

-

-

-

-

-

-

-

-

AS-Effl.
mV

83.1
98.3
75.9

67.5
147.4
191.0
187.4

a-\ 7

63.4
121.0

52.0

87.5
76.0

200.9

51.9

13.3
22.2
24.5
2.4

-14.9

177.4
155.1
144.6
100.3
99.9

111.7
108.9
109.0
105.9
113.9
95.9

92.3
86.6

60.0

R-lnfl.
mV

-61.3
-73.1
-77.9

-53.1
-57.5
-45.3
102.1

56.3
-54.9

-119.7

-83.7
-49.4
-37.5

-123.9

-168.4
-157.0
-165.0
-145.5
-139.8

155.5
140.7
137.5
95.8
95.2

85.9
68.9
33.6
54.0
79.5
45.5

-4.9
-22.9

-31.2

R-25%

-

R-50%

-

R-75%

-

R-Effl.
mV

-194.1
-207.4
-199.7

-139.6
-175.8
-156.7
-57.5

-86.1
-117.2

-198.0
-197.1
-212.0
-172.3
-143.5

-193.1

-227.2
-231.5
-208.8
-188.0
-187.4

132.1
120.7
108.9
48.9
59.2

53.1
42.0
-25.1
-1.3
32.5
-43.8

-78.5
-81.7

-119.0
-42.9

; D.O.

R-lnfl.-lnline
ppm
5.3
5.3
5.2

4.4
4.4
4.0
7.7

4.3
4.0
3.3
3.7
3.0
3.4
2.2
3.7
3.2
2.6
3.3

2.0
2.4
1.6
2.4
1.3

6.5
3.3
3.7
0.7
3.9

3.2
2.3
1.6
3.2
2.5
1.2

1.6
1.3

1.5
1.0

R-lnfl.

5.3*
3.7*
5.3*

0.9*
1.9*

1.28*

0.98*
1118*

t
3.42*
0.82*
0.99*
1.12*
1.06*
0.66*

0.25*
0.55*
0.65*
0.21*
0.41*

3.68*
3.1

0.72*
1.22*
0.72*

0.74*
0.6*
1.25*
0.68*
1.26*
0.91*

iqg*
0.94*

I,
1
T

0.35*

R-25%

0.4*

0.3*
0.5*

0.18*
0.11*
0.16*

0.14*
0.15*

0.22*

0.45*
0.13*
0.1*

0.15*
0.16*
0.14*

0.1*
0.07*
0.08*
0.08*
0.07*

0.10*

0.08*
0.08*

0.14*

R-50%

0.1*
0.1*
0.1*

0.09*
0.07*
0.07*

0.06*
0.08*

0.07*

0.06*
0.08*
0.07*
0.08*
0.06*
0.07*

0.05*
0.06*
0.06*
0.08*
0.06*

0.07*

0.06*
0.05*

0.11*

R-75%

0.1*
0.1*
0.1*

0.08*
0.06*
0.07*

0.05*
0.07*

0.07*

0.06*
0.08*
0.06*
0.10*
0.06*
0.06*

0.05*
0.05*
0.06*
0.08*
0.06*

0.08*

0.10*
0.08*

0.11*

R-Effl.

0.1*
0.1*
0.1*

0.08*
0.06*
0.07*

0.05*
0.07*

0.07*

0.06*
0.07*
0.06*
0.09*
0.06*
0.06*

0.05*
0.05*
0.07*
0.06*
0.06*

2.82*
2.1

0.07*
0.07*
0.06*

0.09*
0.09*
0.11*
0.08*
0.11*
0.07*

0.07*
0.05*

0.14*

R-Effl.-lnline
ppm
0.1
0.1
0.1

0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1

0.5
0.1
0.0
0.1
0.0

0.1
0.1
0.0
0.1
0.1
0.1

0.1
0.1

0.1
0.1

Ethanol
Flowrate
ml/min
5.5
7.2
7.4

8.4
4.0

0.0
4.8
4.2
2.7
4.6
5.4
6.9
7.0
5.6
5.9
4.6
6.9

5.1
4.8
4.8
3.3
3.4

4.8
2.5

1.8

5.5
3.1
4.9

Harding Lawson Associates Page 4
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Phase I Perchlorate Treatability Study
Summary of Collected Operational Data

Date

25-May
26-May
27-May
28-May
29-May
30-May
31-May
1-Jun
2-Jun
3-Jun
4-Jun
5-Jun
5-Jun
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun
14-Jun
15-Jun
16-Jun
17-.lun

Flowrate
AS-Effl.

gpm
-
-

26.0
-
-
-
-

19.9
19.8
19.9
20.0
19.9
20.1
20.3

„
199

Reactor
gpm
-
-

32.3
-
-
-
-

29.9
29.8
29.6
30.0
29.9
30.0
30.0

„
9QR

pH
AS-lnfl.

_

-
-
-

• -
-
-

_

AS-Effl.

7.34
7.29
7.27
7.29
7.21
7.30
7.26

7.37

R-lnfl.

7.50
7.47
7.40
7.42
7.42
7.45
7.43

7.54

R-25%

_

-

-

-

-

-

-

_

R-50%

_

-

-

-

-

-

-

_

R-75%

_

-

-

-

-

-

-

_

R-Effl.

8.15
8.03
7.75
7.73
7.76
7.85
7.89

7.97

T
AS-lnfl.

°c

_

-
-
-
-
-
-

..

AS-Effl.
•c

20.5
20.8
20.4
19.8#
20.7
21.0
20.7

20.9

R-lnfl.
°C

20.9
21.0

19.9#
19.8#
20.0#
20.9
20.0#

21.2

R-25%

_

-
-
-
-
-
-

„

R-50%

..

-

-

-

-

-

-

„

R-75%

_

-

-

-

-

-

-

„

R-Effl.
°C

20.9
21.3
19.9#
19.8#
20.1#
21.3
20.5#

21.7

ORP
AS-lnfl.

mV

„

-
-
-
-
-
-

..

AS-Effl.
mV
-
-
-
-
-
-
-

94.0
16.0

-35.5
-132.8
-38.5
-77.0
-55.0

31.7

R-lnfl.
mV
-
-
-
-
-
-
-

31.3
-59.5

-149.0
-251.7
-204.5
-180.0
-200.4
OQO n

-164.5

R-25%

-
-
-
-
-
-
-

„

-
-
-
-
-
-

„

R-50%

-

-

-

-

-

-

-

_

-

-

-

-

-

-

„

R-75%

-
-
-
-
-
-
-

..

-
-
-
-
-
-

_

R-Effl.
mV
-
-

-47.0
-
-
-

. -

-120.0
-184.0
-240.0
-338.5
-290.0
-296.7
-285.5
O^Q A

-231.5
-17R 1

D.O.
R-lnfl.-lnline

ppm
-
-

1.0
-
-
-

•

1.1
1.1
0.7
0.9
1.7
0.6
1.2

_

R-lnfi.

-
-

0.17*
-
-
-
-

0.5*|
0.48*
0.8*
0.70*
0.72*

-
0,99*
0.14*i

D45*

R-25%

-

-

0.13*
-
-
-
-

0.21*
0.13*
0.22*
0.22*
0.20*

-
0.07*
n no*

(195*

R-50%

-

-

0.11*
-
-
-
-

0.08*
0.06*
0.07*
0.08*
0.08*

-
0.08*
n no*

n OA*

R-75%

-
-

0.2*
-
-
-
-

0.08*
0.06*
0.06*
0.08*
0.08*

-
0.08*
0.09*

D94*

R-Effl.

-
-

0.21*
-
-
-
-

0.10*
0.06*
0.06*
0.10*
0.08*

-
0.10*
r\ no*

n?R*

R-Effl.-Inline
ppm
-
-

0.1
-
-
-
-

0.1
0.1
0.1
0.1
0.1
0.1
0.1

„

Ethanol
Rowrate
ml/min

-
-
-
-
-
-
-

_

-
7.1
6.8
7.8
6.1
6.3

_

* = DO measurements taken inside bioreactor not at sample ports, all other non-starred, non-inline readings taken with held at sample port
# = temperature recorded with ysi DO probe inside bioreactor not at sample ports, all others measured with handheld at sample ports.

Harding Lawson Associates Page 5
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APPENDIX F

ANALYTICAL SAMPLING ERROR DATA SUMMARY



Analytical Sampling Error Data Summary

DATE
ANALYZED

1 1/6/97
11/7/97
11/10/97
11/11/97
11/12/97
11/13/97
11/14/97
11/17/97

11/18/1997*
11/19/97
1 1/20/97
11/21/97
11/24/97
1 1/25/97
11/26/97
12/1/97
12/2/97
12/5/97
12/8/97
12/9/97
12/11/97
12/12/97
12/15/97
12/16/97
12/17/97
12/18/97
12/19/97
12/20/97
12/22/97
12/23/97
12/24/97
12/26/97
12/29/97
12/31/97

1/2/98
1/5/98

RELATIVE PERCENT DIFFERENCE (RPD)
PERCHLORATE

9

1
0
13
24

6

6
0

17

5
14

11

13
11
11

. 2

6

18

NITRATE
4
4
2
2

0
7

4
3
5
3
1
1
6
3
1
0
5

4
5
6
5

1

I
3

4
4

2
3

METHANOL

2
15
25
38
15

8

3
6
10
7
4
14
**

8
7

5
4
5
20

3

16
6
13
0
3

ETHANOL
2

***
***

10

n:\lCTOJrfvMSMSOTBLXLS Page 1 of 3 8/21/98 / 3:04 PM



Analytical Sampling Error Data Summary

DATE
ANALYZED

1/8/98
1/9/98
1/12/98
1/13/98
1/14/98
1/15/98
1/16/98 •
1/19/98
1/20/98
1/21/98
1/23/98
1/26/98
1/27/98
1/28/98
1/29/98

1/30/1998 *
2/2/98
2/3/98
2/4/98
2/5/98
2/6/98
2/9/98

2/10/1998 *
2/12/98
2/13/98
2/17/98
2/18/98
2/20/98
2/23/98
2/24/98
2/25/97
2/27/98
3/2/98
3/3/98
3/4/98
3/5/98

RELATIVE PERCENT DIFFERENCE (RPD)
PERCHLORATE

4
3
8

2

1

2

6

27

22
21
4
8
13
13

8
3

9
3

NITRATE

2

3
2
2
5
3

2
5
1
2
2
1
1
6
1

4

2
2
1
3
4
1

1
2
1
2

METHANOL
7
5

4
15
7
2
8
2
3
22
15
3
15

35

0

6

20

12
13
14
10
2
5

4

12
11

ETHANOL

n:\iaojet\MSMSDTBL.XLS Page 2 of3 8/21/98 / 3:04 PM
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Analytical Sampling Error Data Summary

DATE
ANALYZED

3/6/98
3/9/98
3/10/98
3/11/98
3/12/98
3/13/98
3/17/98
3/18/98
3/19/98
3/20/98
3/23/98
3/24/98
3/25/98
3/26/98
3/27/98
3/30/98
3/31/98

RELATIVE PERCENT DIFFERENCE (RPD)
PERCHLORATE

1
17

9
3

10
0

11
11

3
13
7

NITRATE
2
3

4
2
2
2
2
0
1
1

4
0

METHANOL
13

4

2
12

• 12
11
9
7

8
3
1

ETHANOL

Statistics
Minimum RPD:
Maximum RPD:
Average RPD:

0
27
8.7

0
7

2.6

0
38
9.4

2
10
6.0

Notes: * Relative Percent Difference (RPD) data is not within standard QC limits.
** Recovery data is outside standard QC limits due to coextracted interference.

LCS recovery data validates methodology (RPD data not provided in laboratory reports).
*** Recovery data is outside standard QC limits due to the high concentration of

this analyte in the sample. LCS recovery data validates methodology (RPD data
not provided in laboratory reports).

TV\iooj«\MSMSDTBL.XLS Page 3 of3 8/21/98 / 3:04 PM
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APPENDIX G

U.S. EPA COMMENTS ON PHASE I TREATABILITY STUDY DRAFT REPORT
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12E2) UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105-3901

July 28, 1998

Baldwin Park Operable Unit Steering Committee
c/o Donald E. Vanderkar
Aerojet General Corporation
Box 13222
Sacramento, CA 95813

Subject: EPA Review of 20 May 1998 Phase 1 Treatability Study Draft Report and Phase 2 Treatability
Study Work Plan, Baldwin Park Operable Unit, San Gabriel Basin

Dear Mr. Vanderkar:

We have completed our review of the Draft Perchlorate Treatability Study Phase 1 Report
and Phase 2 Workplan, prepared by Harding Lawson Associates for the Baldwin Park Operable
Unit Steering Committee. The full titles of the reports are:

Phase 1 Treaiability Study Draft Report, Perchlorate in Groundwater, Baldwin Park Operable
Unit, San Gabriel Basin, 20 May 1998; and

Phase 2 Treatability Study Work Plan, Perchiorate in Groundwater, Baldwin Park Operable Unit,
San Gabriel Basin, 20 May 1998.

Our enclosed comments incorporate observations and suggestions made by EPA staff, as
well as Metropolitan Water District (Metropolitan), the California Department of Health Services
(DHS), and McGuire Environmental Consultants (consultant to the Main San Gabriel Basin
Watermaster). We understand that Metropoliten.-DHS, and McGuire Environmental Consultants
have sent their comments directly to the Steering Committee. Metropolitan's comments are
dated 9 and 22 June 1998; DHS's comments are dated 10 July 1998; and McGuire
Environmental Consultants' comments are dated 12 June 1998.

The Phase 1 results are promising. The Phase 1 study appears to have met its primary •
goal of demonstrating that the biological process is capable of reducing perchlorate
concentrations from the tens of ug/1 to below 4 ug/1. More work must be completed, however, to
convincingly demonstrate that the process can produce water that reliably meets all State and
Federal water quality standards.

n Kcevcled I'
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Please submit a revised Phase 1 report and Phase 2 workplan within 21 days of receipt of
these comments. As we have discussed, the revised Phase 1 report should include data collected
after 13 March 1998, the last date for data included in the draft report.

Sincerely,

fa I\M/
V \

Wayne Praskins
EPA Project Manager

Enclosure

cc: Rick Sakaji, DHS
Nabil Saba, DHS
Gary Yamamoto, DHS
Jeanne-Marie Bruno, Metropolitan Water District
Carol Williams, Main San Gabriel Basin Watermaster
Mike McGuire, McGuire Environmental Consultants
Michael Berlien, La Puente Valley County Water District
John Catts, Harding Lawson Associatesv/
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7/28/98 EPA Comments on
Phase 1 Treatability Study Draft Report, Perchlorate in Groundwater,

Baldwin Park Operable Unit, San Gabriel Basin

Location
page v,
5th bullet
[andplS,
last sentence]

p3,§ 2.4

p4, §3.0,
If 4

p5, § 4.0

Comment
This finding should be rewritten, since the Phase 1 study did not include testing
of filtration or disinfection processes, and did not appear to include analysis for
all Title 22 water quality parameters. More work is needed to demonstrate
that the treatment process will reliably produce potable water meeting all
current and anticipated drinking water standards.________________
The text states that pilot-scale work at Aerojet's Sacramento facility
demonstrated that pathogens were not present in the pilot plant effluent. What
analyses were conducted to support this statement?_______________
Please explain the operation of the biological growth control system and
carbon capture and return system in more detail. Were waste solids produced
in the Phase 1 study? If so, what was its composition, rate of production, and
methods of handling and disposal? If no waste solids were produced, what
was the fate of the carbon lost from the bioreactor (as described on page C-3)?
In a few cases, perchlorate concentrations in the bioreactor increase slightly
from one sampling location to the next (e.g., between sampling ports E and F
on 2/18 and 2/20, and between ports F and G on 12/18 and 2/17). Do you
think the increase is real? What data are available to support one explanation
over another? (e.g., analytical error? incomplete mixing within the bioreactor?
desorption from carbon?) Were replicate samples analyzed to estimate the
precision of the perchlorate analyses? What and where are the results? What
data are available to evaluate how well-mixed the groundwater is as it passes
through the bioreactor? Could there be significant variability in microbial
activity, flow, or perchlorate concentration perpendicular to the direction of
flow? Do the sampling ports draw water from deep within the bioreactor (i.e.,
near the center), or close to the bioreactor wall?

Also, measured perchlorate influent concentrations (pre-recycle) vary day to
day, oftentimes by more than 20% (e.g., 51 to 36 ug/1, 57 to 35 ug/1, 39 to 27
ug/1). In contrast, nitrate concentrations varied little. Do you believe that this
variability is real? Or due to analytical error or some other cause?

EPA Phase 1 Report Comments - I of 5
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p6, § 5.1

P6, § 5.2

P7, § 5.3

p8,§5.3.2,
112
p8, § 5.3.2,
13
p8, § 5.3.3,
112
p9, § 5.3.3

P9,
3rd and 4th If

p9, § 5.3.4

Is there any experimental basis for the equation describing the reduction of
perchlorate? Other researchers report that the conversion of perchlorate to
chloride primarily occurs through the reduction of perchlorate to chlorate and
chlorite, followed by the dismutation of chlorite:

C1O4- + 2e' + 2JT => ClOj- + H2O
CIO/ + 2e" + 2W => C1O2- + H2O
cio2- => o2 + cr

Also, the text states the following: "Note that nitrate and perchlorate are
completely destroyed..." The ability to write a balanced chemical reaction does
not guarantee that the reaction will go to completion or that there aren't other
competing reactions with other products.
The text provides an equation for estimating effluent substrate concentration
(Se). How was this relationship used? If it was used, how were the parameters
determined and what were their values?
Please discuss the quality of the data generated as part of the study, with
reference to the quality control analyses.

Were the BOD or COD data evaluated? If so, for what purpose?
Please clarify the statement that "...most of the nitrate is 25% destroyed..."

What is the basis for the statement that "In general, nitrate destruction
occurred ...before perchlorate destruction."?
The text states that the microorganisms introduced into the bioreactor were
aerobic. How was that established?
Was any analysis attempted to relate the actual rates at which reactants and
products were consumed and produced to the stoichiometric ratios predicted
by theory? Would this type of analysis help identify which chemical species is
limiting?
Please explain the relationship between bioreactor flow path and retention time.
The 3rd paragraph states that a retention time of less than 4 minutes
corresponds to flow through 4* of bioreactor. The 4th paragraph states that a
retention time of 5.4 minutes corresponds to flow through 9' of bioreactor.
The text discusses the use of DO and ORP to monitor bioreactor performance.
Have any other indicators been considered for monitoring reactor
performance?

EPA Phase I Report Comments - 2 of 5
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p!2, § 5.3.9

P12, §5.3.10

p!3, § 5.4

The text describes Plate 12 as demonstrating that "the top of the ethanol
working range...is approximately 140 mg/1... [and that] at concentrations
above 180 mg/1, perchlorate destruction degrades and is incomplete." The
statement appears true, but is the cause of the poor perchlorate destruction the
high ethanol dose or high influent DO? All of the high ethanol data points (i.e.,
above 140 mg/1) represent high DO influent water (i.e., before 1/24).______
Was any attempt made to identify the types of organisms observed in the
bioreactor? (e.g., bacteria, yeasts, molds)__________________
Was any attempt made to calculate a mean cell residence time? Would such a
calculation help determine the time required for the bioreactor to respond to a
change in influent conditions? _________________________
The text states that "Analytical results shown in Appendix D demonstrate that
with an influent ethanol concentration of 60 to 70 mg/1, ethanol in bioreactor
effluent was less than the 5 mg/1 laboratory reporting limit." This relationship
is shown for only a short period. For influent ethanol concentrations between
60 to 70 mg/1, perchlorate and ethanol were reduced to below their reporting
limits in only two samples collected over a three day period (2/27-3/1).
Subsequent samples (collected on 3/3, 3/4, and 3/5) had perchlorate
concentrations above 4 ug/1.

Appendix D show that two ketones (acetone and 4-methyl-2-pentanone) were
present in the reactor effluent in the hundreds of ug/1. In each of the five days
in which EPA Method 8260 results are presented, acetone increased in
concentration in the bioreactor. Please discuss the likely source and
significance of these ketones. Primary and secondary alcohols are readily
oxidized to aldehydes and ketones. __ ______

EPA Phase 1 Report Comments - 3 of 5
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p!3,§5.4
(continued)

p!4,
4th bullet

p!4, § 6.0,
5th bullet
p!4, § 6.0,
6th bullet

Plate 1

page B-2, 6th

bullet

Appendix C

Although the acetone does not appear to originate solely from the alcohol,
could ketones be present in the alcohol? Was the ethanol analyzed for the
presence of impurities or denaturing agents? What information is available
from the supplier or manufacturer on the composition of the alcohol? If any
impurities are present, are higher grade, more purified forms of alcohol
available?

We also note that isopropyl alcohol was detected on several occasions between
3/1 and 3/13 at concentrations between 5 and 19 mg/1. Do you believe that
isopropyl alcohol was present in the alcohol when purchased, or originated
elsewhere? How can its presence be limited in the future? Did the source or
vendor of alcohol change over the duration of the study?

The text states that "it was concluded that the slightly reducing, anoxic
conditions present in the bioreactor are not sufficiently reducing to cause VOC
degradation." In all samples analyzed for VOCs , the TCE concentration
decreased through the bioreactor - on average by about 75%. What evidence
is available to suggest that the decrease is due to carbon adsorption, biological
degradation, or some other mechanism? Could VOCs have been lost by
volatilization?
The text states that "laboratory analyses indicated a lack of pathogens that may
be of concern..." Is this statement based on any test results other than for fecal
coliform?
This conclusion is overstated. See comment on page 1, 5th bullet.

The test states that the conceptual model agrees well with the actual results.
Are you referring to the description of fluidized bed behavior included in
Section 5.2? Please explain the ways in which the study results support and/or
differ from the conceptual model.
Plate 1 includes the statement "Confidential Business Information," yet we
understand that the report has been distributed to several agencies and groups
without specific instructions to keep any part of the report confidential. Please
clarify whether the Steering Committee is claiming Plate 1 or any other part of
the report as Confidential Business Information.
The text states that EPA Method 502.2 was used for VOC analysis, but
Appendix D lists results for both EPA Methods 502.2 and 8260. How do the
two methods compare in their ability to identify and quantify aldehydes and
ketones?
Please describe in more detail how the microorganisms were added. Was the
sludge added directly to the bioreactor? Or were extracts or isolates used?
What provisions were taken to avoid introducing harmful organisms?

EPA Phase 1 Report Comments - 4 of 5
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page C-4, f 4

page C-6, f 6

Appendix D

Appendix D,
last page

The text mentions that the DO profile in the bioreactor was measured before
the air stripper was taken offline. Please include these data in Appendix E.
The text states: "Therefore, the range of ethanol concentrations at which
complete perchlorate and nitrate destruction is lost lies between 50 and 70
mg/L." The definitiveness of the statement seems unwarranted given the short,
one-time test of the relationship. I recommend presenting the relationship
between ethanol concentration and perchlorate destruction as a hypothesis in
need of further evaluation.
Can the coliform results that are presented as MPN>200.5/100ml be
quantified?

Please include results from all blanks and replicate analyses.____
A metals result on 2/19/98 (for iron) is reported as "TEQUILA." Please
explain.

EPA Phase I Report Comments - 5 of 5
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7/28/98 EPA Comments on
Phase 2 Treatability Study Work Plan, Perchlorate in Groundwater,

Baldwin Park Operable Unit, San Gabriel Basin

pi, col 2,
113

p3, col 2,
f 3, last
sentence

p3 , col.
2,
114

p3,§3

The text states that: "Finally, the results of the treatability study indicate that the
effluent water quality (following disinfection and filtration) should meet all
applicable standards..." This sentence should be revised, since the Phase 1 study
did not include testing of filtration or disinfection processes, and did not appear to
include analysis for all Title 22 water quality parameters.

The text states that: "... the microorganisms multiply to a steady-state level,
determined by the organic loading to the system." What does the phrase "steady-
state" mean here? Doesn't the need for a biological growth control system
indicate that microbial growth exceeds death?

Don't the rates of microbial growth and reproduction also depend on factors other
than organic loading to the system?

The text states that: "Nonviable microorganisms eventually become detached from
the medium and exit the system..." Is there evidence that microbes are exiting the
system? If so, is there evidence that the exiting microbes are dead or dying?

The text states that "...The reaction takes place under anoxic conditions...," but
Appendix E in the Phase 1 report indicates that low levels of DO remain in the
bioreactor. Please comment.

Please explain further the rationale for selection of ethanol as an organic substrate,
and discuss other possible substrates.

EPA Phase 2 Workplan Comments ~ 1 of 6
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p4, § 4.0 Phase 2 objectives should be clarified or supplemented to include the following:

i) demonstration that perchlorate and alcohol concentrations can be consistently reduced
to below laboratory reporting limits (i.e., for much longer than the several day period
demonstrated in Phase 1);
ii) evaluation of the potential for the production of byproducts of alcohol degradation and
cell metabolism and growth. Please comment on the value of isolating and/or identifying
the microorganisms present in the bioreactor in order to evaluate the potential for the
microorganisms to release toxic substances into the water. Is there a potential for the
trace metals present in bacterial enzymes to be released at toxic levels? Is there a
potential for changing redox conditions to result in the formation of organic-metal
complexes? Is it known whether the microorganisms make use of molybdenum, as do
nitrate-reducing bacteria (and the perchlorate-reducing bacterium identified by the Air
Force Research Lab), or another potentially more toxic metal?;
iii) verification of the Phase 1 finding that vinyl chloride and other unwanted byproducts
are not produced in the bioreactor;
iv) evaluation of the potential for the treated effluent to cause microbial growth in a
drinking water distribution system;
v) testing the treated effluent for taste and odor and other secondary drinking water
parameters;
vi) determination of optimal phosphorous dosage;
vii) testing to fully characterize the treatment process' response to plausible operational
problems and perturbations (e.g., power outages, interruption of chemical feed, changes in
influent composition). The characterization should include the nature of the response
(e.g., changes in perchlorate removal effectiveness and other physical and chemical
indicators of system performance), recovery time, and evaluation of the need for backup
systems.

The workplan should include a discussion of the value of adding each of the following
objectives, and add objectives deemed worthwhile:

i) identification of the active microorganisms in the inoculum and in the bioreactor
periodically after startup;
ii) identification of microbial nutrient requirements in addition to C, N, and P (e.g., trace
metals);
iii) evaluation of bioreactor performance using an alternate organic substrate;
iv) laboratory analysis of biomass and/or bioreactor effluent for pathogens or other
indicators of the presence of pathogens;
v) improved understanding of the bioreactor's hydraulic characteristics, in order to better
predict the bioreactor's response to changes in influent conditions.

EPA Phase 2 Workplan Comments - 2 of 6
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p5,§4.2,

p5, § 4.3,
11
p5, § 4.3,
12

p6, 1" line
[also plO,
§10,12]

p6, § 4.4,
col 1

p6, § 5.0

p7, col 1,
15

p7, col 2

Please comment on the capability of ion selective electrodes to measure perchlorate and
nitrate in water (e.g., Are they capable of reliably measuring perchlorate concentrations in
water, but only at high concentrations?). In any case, if improvements in ion selective
electrodes are possible in the near future, their use should be reevaluated during design of
the BPOU treatment facilities.

Phase 1 study results show relationships between DO, ORP, and bioreactor performance,
but did not demonstrate that "bioreactor performance could be predicted..." It seems
premature to claim that all variables significantly affecting bioreactor performance have
been identified.

What additional work is planned to demonstrate that DO and ORP are good surrogates
for perchlorate and nitrate reduction? Which other parameters are being considered for
monitoring reactor performance? Has consideration been given to periodically measuring
the ratio of perchlorate consumption/cell mass, and determining its relationship to
bioreactor performance?

The text states that "...there is a potential that treated water may contain bacteria..." The
bioreactor effluent in Phase 1 consistently had high levels of bacteria. Please comment.

We suggest that the "characterization of Disinfection Byproducts include a discussion of
disinfection options, disinfection location(s), disinfection byproduct (DBF) formation
potential, and the relationship between organic substrate and production of DBPs.
(Alcohols may produce methyl-bearing aldehydes or ketones that are known to react with
chlorine to produce chloroform, a trihalomethane [THM]. Chloroform was measured on
1/28/98 in the bioreactor effluent at 63 ug/1, along with acetone at 6,700 ug/1.). If
appropriate, the laboratory reporting limits for alcohol should be reduced.

The text states that "the microorganism inoculum will be characterized." Please describe
further. Please describe the origin of the microorganisms in greater detail. If they
originate at a baby food processing plant, where in the processing operation are they
collected? Please describe the type of environment to which the microbes would have
been exposed and acclimated.

Given that the La Puente VCWD's wells have been shut down for some time, perchlorate
concentrations may change after startup as steady state conditions are approached.
Should samples be collected at increased frequency during startup to evaluate the
bioreactor's performance over a range of influent conditions?

Has the Steering Committee considered operating the 30 gpm pilot scale treatment unit to
address some of the Phase 2 objectives, rather than attempting to address all of the Phase
2 objectives at a much higher flow rate?

Will the presence and use of ethanol require special equipment beyond the "hazardous
duty diaphragm metering pump" mentioned in the text?

How will samples collected from sampling ports 7 and 8 differ?
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I pg, col 1

1
p8, § 8.0

p8, § 8.2

Please explain further the statement that biomass discharged from the bioreactor
will not affect operation of the air stripper.

DHS provides the following comments, which may affect the treatment equipment
tested during Phase 2:

(i) the bioreactor effluent must be approved by DHS as a water source;
(ii) post-bioreactor treatment must meet or exceed that required by the Surface
Water Treatment Rule (which includes specified removal rates for viruses and
other pathogens) ;
(iii) a tracer study may be required to demonstrate adequate disinfectant residual
and contact time;
(iv) a filtration system study will be required to demonstrate compliance with Title
22, Section 64653 if the loading rate specified in Title 22, Section 64660 (b) is
exceeded;
(v) the treatment train must meet turbidity standards established in section
64653(c);
(vi) that issuance of a domestic water supply permit for use of the biological
treatment process will, if warranted, occur after a review process subsequent to
and separate from the Phase 2 study;

Please include dates in the schedule for obtaining DHS approval for use of the
bioreactor effluent as a water source; for submission, review, and approval of a
filtration system study protocol (to the DHS internal Surface Water Treatment
Committee); and for satisfying any other DHS requirements.

Also, DHS indicates that coagulation and flocculation may be needed. Please
discuss.

The treatment equipment description does not include provision for establishing a
chlorine residual. Please comment.

Where in the treatment process will waste sludge or solids be produced? Please
describe the nature of the wastes, volumes produced, and methods of handling
and/or disposal

The text discusses "key permitting requirements." What other permits are needed
beyond those listed?

Please include a timetable for applying for and obtaining a Regional Board
discharge permit.

1
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p9, § 8.3

| p9, § 8.4

I p9,§9.1.
col 2

• plO,§10

1
1

pll ,

1
I PH,
• §10.4

• pi 2, sect
11.1

1 p!2,
§11.2,

1
1 ___

Please include a timetable for obtaining an ATF permit.

Please identify the chemicals requiring certification, and include a timetable for
applying for and obtaining certification.

Please describe the procedure for adding the microbial seed.

The SAP/QAPP should be submitted for review by EPA, DHS, and other relevant
agencies. Sample collection and analysis should reflect additional objectives added
in response to the comment on page 4, section 4.0.

The SAP/QAPP should briefly describe non-EPA methods and provide complete
references. If a reference is not to a commonly-available journal or textbook, a
description of the method should be included as an appendix to the SAP.

Please supplement the list of analytes to account for the expanded list of
objectives. Total Organic Carbon (TOC) should be included.

Also note that new or revised MCLs and MCLGs have been proposed for
chlorite, trihalomethanes, chloroform, haloacetic acids, and several other
chemicals as part of the Disinfectants/Disinfection Byproducts Rule.

Given the apparent variability in measured perchlorate concentrations during
Phase 1 testing, a sufficient number of replicate samples should be analyzed to
better estimate the precision of the analytical method.

Does the project team include individuals with expertise in microbiology,
bacteriology, and related disciplines?

Please include provisions for frequent interim reporting to EPA after startup
(weekly to biweekly). Reporting can be by mail, fax, telephone or email. Please
include provisions for less frequent interim written reporting. There is no
communications plan in Section 10 as stated in the text.

1
1
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p!2,§12
(Schedule)

Please add items to schedule as appropriate in response to comments on:
p8, § 8.2
p9, § 8.3
p9, § 8.4
p8,col l ,H3
plO,§10
p!2,§ 11.2, last H

The two month design and six month procurement and construction periods
appear unnecessarily long. Please shorten and provide a detailed justification for
the revised schedule.
In addition, incorporate a two week period for DHS/EPA review of the design
and O&M plans.
We also suggest that you delete the line item for "DHS Operating Permit."
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7/28/98 EPA EDITORIAL COMMENTS ON
PHASE 1 REPORT AND PHASE 2 WORKPLAN (Respond at your discretion.)

Phase 1 Report Editorial Comments:
PM !

pi, 14,
sentence 3
pl,«|4,
last sentence
p3, § 2.3

p4, 3rd line

p4, § 3.2

p5, § 4.0

p6, §5.1

p8, § 5.3.3

p9, § 5.3.3

p9, § 5.3.3,
12
p9, § 5.3.3,
14
p!2, § 5.3.9

pi 3, sect 5.4,
par 4 [and
p!5, 1st

bulletl

Metropolitan prefers that their role be described as assisting Three Valley.
They request that the 1st sentence be modified as follows: "... U.S. EPA Region
DC (EPA) and Three Valleys Municipal Water District (TVMWD), in
association with Metropolitan Water District of Southern California (MWD),
have been planning..."
The revised RfD may or may not lead to an enforceable standard.

Other factors, including demands by users of the treated water, may affect the
decision whether to treat for perchlorate.

There appears to be an extra "than" in the 1st sentence.

Not all parameters were analyzed for. Suggest deleting the word "all."

The text states that the "...the biomass will be 15 feet high." Presumably, this
is the height of the fluidized bed (i.e., suspended carbon granules) with
attached biomass.
To support findings made in the text (e.g., relationship between DO loading
and perchlorate removal), we suggest you add references to data presented in
the Tables. No reference is made in the text to Table 3.
Denitrification is misspelled.
Electrical charge doesn't balance in the denitrification reaction.
As written, the text incorrectly states that ethanol is converted to chloride and
nitrogen.
There appears to be an extra "at" at the beginning of the 5th line.

The rate constants listed above the arrow in each equation appear superfluous.

There appears to be an extra word (".... reactor bioreactor...") in the 5th line.

In the first line, the word "stripper" is misspelled.

Since the microbes were not identified, is there really any evidence that
Voltera's principle applies?
The text states that "Testing for VOC degradation products showed no
detectable concentrations of VOC degradation products..." Couldn't TCE be a
degradation product?
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Table 3

plate 6

page B-l, 3rd

bullet
pageB-2, 1st
bullet
page C-2,
14
page C-4,
13
page C-4, 1 5

We suggest adding a note specifying where the influent DO is measured. It
appears that it was measured at port C, after internal recycle.
For this and any other figures showing perchlorate concentrations near the
detection limit, indicating the quantitation limit on the figure would help the
reader correctly interpret the data (i.e., the perchlorate concentration did not
necessarily stabilize at 4 ug/1).
In the 5"1 line, eductor is misspelled.

In the 6th line, the word "of is missing.

Some words appear to be missing from the last sentence.

In the 1st line, should the sentence be corrected to state that the ORP decreased
(rather than rose)?
The last line in the paragraph states that the DO was reduced to a range of 9.
to 1 mg/L. Should the 9.5 mg/L be 0.95 mg/L?

Phase 2 Report Editorial Comments:

p2, §2.0

p3, § 2.2, 1 2

p3 , col. 2,
Inline
p5, col 2,
2nd line
p6,
1st sentence
p9, § 8.5

plO, § 10.0,
1 2, line 4
pll

5

EPA has established a Reference Dose, but;has not established an acceptable
level for perchlorate in water.

After completion of the toxicological studies, the RfD may no longer be
"provisional." Suggest deleting the word provisional.

There is a comma missing after the word "cjhloride" in the 1st line.

Volt is usually abbreviated with a capital V.

Inoculum is misspelled

We suggest that you delete the phrase "Phase 2 Treatability Study" in the
second line.
Inoculum is misspelled

No need to repeat the list often sample locations twice in the report (pages 7
and 11)

EPA Editorial Comments - 2 of 2
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APPENDIX H

BPOUSC RESPONSE TO U.S. EPA COMMENTS



Pagel 08/21/98

Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location EPA Comment Response
Page v., 5th bullet [and p. 13 last
sentence]

This finding should be rewritten, since the Phase 1 study
did not include testing of filtration or disinfection
processes, and did not appear to include analysis for all
Title 22 water quality parameters. More work is needed to
demonstrate that the treatment process will reliably
produce potable water meeting all current and anticipated
drinking water standards.

Effluent from the GAC/FB bioreactor was analyzed for
parameters used to regulate the quality of drinking water
(see Table 4). Additional work is needed to establish
disinfection and filtration requirements and demonstrate
that the treatment processes will reliably produce potable
water. This objective will be fully addressed in a Phase 2
Perchlorate Treatability Study.

Page 3, Section 2.4 The text states that pilot-scale work at Aerojet's
Sacramento facility demonstrated that pathogens were not
present in the pilot plant effluent. What analyses were
conducted to support this statement?

In the pilot scale study this statement refers to, the effluent
was tested for coliform, fecal coliform, and e.coli. In this
study, the effluent was analyzed for bacteria, coliform, and
fecal coliform. The effluent was not analyzed for
parasitology or viruses. The text has been revised to
reflect actual testing.

Page 4, Section 3.0, Paragraph 4 Please explain the operation of the biological growth
control system and carbon capture and return system in
more detail. Were waste solids produced in the Phase 1
study? If so, what was its composition, rate of production,
and methods of handling and disposal? If no waste, solids
were produced, what was the fate of the carbon lost from
the bioreactor (as described on page C-3)?

See the revised section 3.0 for a description of the growth
control and carbon capture systems. Biomass was the only
waste solid produced by the study. The amount of biomass
generated was not quantified. Waste carbon was gathered
into drums and disposed of accordingly. Small amounts of
carbon and fines and waste biomass were discharged to the
GET B wastewater treatment facility.

The text has been revised to:

A biological growth control system installed at the top of
the bioreactor removed excess biomass from the GAC.
Biomass exited the bioreactor in the effluent and "cleaned"
GAC particles were returned to the carbon bed. The
effluent then exited the bioreactor and flowed through a

N:\AEROJET\PHASEl\eOMMENTT.DOC



Page! 08/21/98

Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location EPA Comment Response
carbon separator system that captured and returned any
carbon that flowed out of the bioreactor. Once through the
separator, the effluent flowed to a 500-gallon polyethylene
equalization tank equipped with level controls. From the
equalization tank, the effluent was discharged directly to
an Aerojet groundwater extraction and treatment (GET-B)
system. Carbon and fines that escaped the carbon
separator system were discharged in the effluent to the
GET-B facility.

Page 5, Section 4.0 In a few cases, perchlorate concentrations in the bioreactor
increase slightly from one sampling location to the next
(e.g. between sampling ports E and F on 2/18 and 2/20,
and between ports F and G on 12/18 and 2/17). Do you
think the increase is real? What data are available to
support one explanation over another? (e.g., analytical
error? Incomplete mixing within the bioreactor?
Desorption from carbon?) Were replicate samples analyzed
to estimate the precision of the perchlorate analyses?
What and where are the results? What data are available
to evaluate how well-mixed the groundwater is as it passes
through the bioreactor? Could there be significant
variability in microbial activity, flow, or perchlorate
concentration perpendicular to the direction of flow? Do
the sampling ports draw water from deep within the
bioreactor (i.e. near the center), or close to the bioreactor
wall?

Also, measured perchlorate influent concentrations (pre-
recycle) vary day to day, oftentimes by more than 20%

The variations in perchlorate concentrations in the
bioreactor noted are slight and are within the expected
analytical error (Section 5.3.1 and Appendix F) detail
potential analytical errors.

We feel it is unlikely that incomplete mixing occurred
within the reactor. A fluidized bed is inherently turbulent.
For the same reason, we feel it is unlikely that there was
significant variation in any parameter perpendicular to the
direction of flow.

The sampling ports draw water from near the reactor wall.

The relative variability of perchlorate to nitrate is
approximately equal. Nitrate concentrations were 3 orders
of magnitude above perchlorate concentrations. Analytical
variability that is easily observed at low concentrations is
masked by the higher nitrate concentrations (Section 5.3.1
and Appendix F).

NAAEROJET\PHASE1\COMMENTT.DOC



Page 3 08/21/98

Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location

Page 6, Section 5. 1

Page 6, Section 5.2

Page 7, Section 5.3

EPA Comment
(e.g. 51 to 36 ug/L, 57 to 35 ug/L, 39 to 37 ug/L). In
contrast, nitrate concentrations varied little. Do you
believe that this variability is real? Or due to analytical
error or some other cause?

Is there any experimental basis for the equation describing
the reduction of perchlorate? Other researchers report that
the conversion of perchlorate to chloride primarily occurs
through the reduction of perchlorate to chlorate and
chlorite, followed by the dismutation of chlorite:

CKV + 2e + 2H+ — > C103- + H20

CKV + 2e + 2H* — > C1O2" + H2O

C1O2' — >O2 + Cr

Also, the text states the following: "Note that nitrate and
perchlorate are completely destroyed..." The ability to
write a balanced chemical reaction does not guarantee that
the reaction will go to completion or that there aren't other
competing reactions with other products.

The text provides an equation for estimating effluent
substrate concentrations (Sc). How was this relationship
used? If it was used, how were the parameters determined
and what were the parameters and what were their values?

Please discuss the quality of the data generated as part of
the study, with reference to the quality control analyses.

Response

The equation is a representation of the mineralization of
perchlorate from biological processes. It is not intended to
be a representation of the kinetic reaction sequence of
perchlorate reduction. The mechanism shown can be
represented by an overall reaction that is equivalent to that
shown in the text.

The reduction of perchlorate and nitrate proceed to
complete mineralization. This has been documented in
previous studies and is favored thermodynamically. In the
case of perchlorate reduction, the rate-limiting step is the
reduction of perchlorate to chlorate. Under favorable
conditions, the complete reduction of chlorate to chlorine
ion is rapid.

This equation has been removed from the text.

Section 5.3.1 details potential analytical errors.
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Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location EPA Comment Response
Were the BOD or COD data evaluated? If so, for what
purpose?

BOD and COD are typical parameters that are used by
waste water treatment plants and were tested to provide a
basis of comparison to other processes. BOD measures the
amount of oxidizable compounds available biologically to
sustain metabolic processes. BOD would measure ethanol
concentration because it is readily metabolized and would
exert significant oxygen demand. COD measures all
readily oxidizable compounds.

Page 8, Section 5.3.2, Paragraph 2 Please clarify the statement that "...most of the nitrate is
25% destroyed..."

The sentence has been corrected to:

"Within the bioreactor, most of the nitrate is destroyed
within a distance of approximately 4 feet along the reactor
flow path." The section number has changed to 5.4.2.

Page 8, Section 5.3.2, Paragraph 3 What is the basis for the statement that "In general, nitrate
destruction occurred...before perchlorate destruction."?

Nitrate destruction occurred at a faster rate than
perchlorate destruction in all samples, with one exception
(12 of 13 samples, [see Appendix D]). This is in good
agreement with published literature detailing nitrate is
relatively easy to reduce whereas perchlorate is more
persistent. The text has been modified accordingly. The
section number has changed to 5.4.2.

Page 8, Section 5.3.3, Paragraph 2 The text states that the microorganisms introduced into the
bioreactor were aerobic. How was this established?

The microorganisms were harvested from an aerobic
environment where aerobic microorganisms would be
expected to predominate. Thus, it would be expected that
the organisms were aerobic; however, no testing was
conducted to identify the specific type of microorganisms
present. The section number has changed to 5.4.3.
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Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

1 Phase 1 Treatability Study Draft Report

Location EPA Comment Response
Page 9, Section 5.3.3 Was any analysis attempted to relate the actual rates at

which reactants and products were consumed and
produced to the stoichiometric ratios predicted by theory?
Would this type of analysis help identify which chemical
species is limiting?

Yes. Chlorate, chlorite, and chlorine ion analysis were
designed to evaluate the mechanisms and kinetics of
perchlorate reduction; however, the analytical detection
limit and/or the concentration variation of each constituent
limited the ability to perform such analyses.

The operating parameters with the greatest impact on
perchlorate reduction are dissolved oxygen and ORP. The
study was designed to determine the operating ranges of
the chemical reactants and reactor conditions. Sections
5.3 details the operating ranges for each parameter. The
section number has changed to 5.4.3.

Page 9, Paragraphs 3 and 4 Please explain the relationship between bioreactor flow
path and retention time. The 3rd paragraph states that a
retention time of less that 4 minutes corresponds to flow
through 4 feet of bioreactor. The 4th paragraph states that
a retention time of 5.4 minutes corresponds to flow
through 9 feet of bioreactor.

Section 5.0 has been modified to detail this calculation.

Page 9, Section 5.3.4 The text discusses the use of DO and ORP to monitor
bioreactor performance. Have any other indicators been
considered for monitoring reactor performance?

Yes. The study evaluated a number of operating
parameters that were regressed statistically. ORP and DO
demonstrated the best correlation. Section 5.3 discusses
the use of a variety of parameters as a general indicator of
performance. The section number has changed to 5.4.4.

Page 11, Paragraph! The text describes Plate 12 as demonstrating that "the top
of the ethanol working range...is approximately 140
mg/L... [and that] at concentrations above 180 mg/L,
perchlorate destruction degrades and is incomplete." The

Perchlorate destruction at high ethanol dose and low
influent DO was not evaluated; however, at high ethanol
dose the GAC agglomerated and decreased the surface
area available for reaction. Thus, while the data is not

NAAEROJEnPHASEl\COMMENTT.DOC
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Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location EPA Comment Response
statement appears true, but is the cause of the poor
perchlorate destruction the high ethanol dose or high
influent DO? All of the high ethanol data points (i.e.
above 140 mg/L) represent high DO influent water (i.e.,
before 1/24).

available to isolate ethanol dosage as a single variable in
perchlorate destruction, the data suggests that high ethanol
dosage inhibits fluidized bed performance by limiting
mass transfer.

The text has been modified to reflect this discussion. The
section number has changed to 5.4.5.

Page 12, Section 5.3.9 Was any attempt made to identify the types of organisms
observed in the bioreactor? (e.g. bacteria, yeasts, molds)

No attempt was made to speciate the types of
mircroorganisms present in the reactor. Based on existing
literature concerning nitrate and perchlorate reduction, it
is likely that bacteria would play a significant role in the
bioreactor. Further studies to speciate the predominant
microorganisma may be performed in Phase 2. The
section number has changed to 5.4.6.

Page 13, Section 5.4 The text states that "Analytical results shown in Appendix
D demonstrate that with an influent ethanol concentration
of 60 to 70 mg/L, ethanol in bioreactor effluent was less
than the 5 mg/L laboratory reporting limit." This
relationship is shown for only a short period. For influent
ethanol concentrations between 60 to 70 mg/L, perchlorate
and ethanol were reduced to below their reporting limits in
only two samples collected over a three day period (2/27-
3/1). Subsequent samples (collected on 3/3,3/4, and 3/5)
had perchlorate concentrations above 4 ug/L.

Appendix D shows that two ketones (acetone and 4-
methyl-2-pentanone) were present in the reactor effluent in
the hundreds of ug/L. In each of the five days in which

Data gathered after March 13 indicated higher residual
ethanol concentrations. Additional work will be done in
the Phase 2 Treatability Study to evaluate optimal ethanol
dosing accounting for filtration and disinfection processes
as well.

The 4-methyl,2-pentanone (methyl isobutyl ketone
[M1BK]) was introduced as an impurity from the ethanol
substrate feed (see ethanol analysis in Appendix D).
Acetone was also probably introduced as an impurity but it
was not detected at a detection limit 0.5 percent. The five
8260 samples were all gathered under reducing conditions
(ORP of-209 mV to -250 mV). Acetone may have been
formed by reaction of ethanol with other alcohol impurities
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Baldwin Park Operable Unit Steering Committee
Response to EPA Comments

Phase 1 Treatability Study Draft Report

Location EPA Comment Response
EPA Method 8260 results are presented, acetone increased
in concentration in the bioreactor. Please discuss the
likely source and significance of these ketones. Primary
and secondary alcohols are readily oxidized to aldehydes
and ketones.

in the bioreactor. We believe a significant portion of the
acetone increase across the reactor is attributable to the
reduction of MffiK; however, this does not entirely explain
the increase. This will be studied further in Phase 2. The
section numbers have been changed to 5.4.5 and 5.4.7.

Page 13, Section 5.4 Although the acetone does not appear to originate solely
from the alcohol, could ketones be present in the alcohol?
Was the ethanol analyzed for the presence of impurities or
denaturing agents? What information is available from
the supplier or manufacturer on the composition of the
alcohol? If any impurities are present, are higher grade,
more purified forms of alcohol available?

We also note that isopropyl alcohol was detected on
several occasions between 3/1 and 3/13 at concentrations
between 5 and 19 mg/L. Do you believe that isopropyl
alcohol was present in the alcohol when purchased, or
originated elsewhere? How can its presence be limited in
the future? did the source or vendor of alcohol change
over the duration of the study?

The text states that "it was concluded that the slightly
reducing, anoxic conditions present in the bioreactor are
not sufficiently reducing to cause VOC degradation." In
all samples analyzed for VOCs, the TCE concentration
decreased through the bioreactor - on average by about
75%. What evidence is available to suggest that the
decrease is due to carbon adsorption, biological

The ketones and isopropyl alcohol appear to have
originated in the alcohol. On 2/11/98 the ethanol was
analyzed: ethanol >90%, methanol 30,000 mg/L (3%),
isopropyl alcohol 53,000 mg/L (5.3%), and MffiK 8,200
mg/L (0.82%) (see Appendix D). Aerojet is evaluating the
availability of higher grades of alcohol or the possibility of
using an alternate denaturant. The supplier has indicated
flexibility regarding the denaturing agent.

The reduction in TCE across the bioreactor was likely
caused by carbon adsorption; however, refer to Section
5.4.7 for a complete discussion.

The section number has been changed to 5.5.
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Location EPA Comment Response
degradation, or some other mechanism? Could VOCs
have been lost by volatilization?

Page 14,4th bullet The text states that "laboratory analyses indicated a lack of
pathogens that may be of concern..." Is this statement
based on any test results other than for fecal coliform?

The text has been revised to:

"...Laboratory analysis indicated a general lack of fecal
coliform in the treatment system effluent; however, further
evaluation of filtration and disinfection of the effluent will
be necessary to ensure that potable water quality standards
are reliably met."

Page 14, Section 6.0,5th bullet This conclusion is overstated. See comment on page 1,5th

bullet.
The text has been revised to:

"Effluent from the GAC/FB bioreactor was analyzed for
parameters used to regulate the quality of drinking water
and other chemicals mentioned by DHS to be of concern.
Additional work is needed to establish disinfection and
filtration requirements and demonstrate that the treatment
processes will reliably produce potable water. This
objective will be fully addressed in a Phase 2 Perchlorate
Treatability Study."

Page 14, Section 6.0,6th bullet The test states that the conceptual model agrees well with
the actual results. Are you referring to the description of
fluidized be behavior included in Section 5.2? Please
explain the ways in which the study results support and/or
differ from the conceptual model.

The conceptual model refers to the expected kinetic model:
oxygen depletion > nitrate reduction > perchlorate
reduction.
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Plate 1 Plate 1 includes the statement "Confidential Business

Information," yet we understand that the report has been
distributed to several agencies and groups without specific
instructions to keep any part of the report confidential.
Please clarify whether the Steering Committee is claiming
Plate 1 or any other part of the report as Confidential
Business Information.

Aerojet is claiming Plate 1 as Confidential Business
Information.

Instructions for the Phase 1 report reproduction and
distribution dictated that Phase 1 not be distributed to
other agencies and groups. To assist in management if
Confidential Business Information all copies of this report
contain a blank sheet labeled as such. Plate 1 has been
distributed separately to U.S. EPA and their consultant
CffiMHill.

Page 8-2,6* bullet The text states that EPA Method 502.2 was used for VOC
analysis, but Appendix D lists results for both EPA
Methods 502.2 and 8260. How do the two methods
compare in their ability to identify and quantify aldehydes
and ketones?

EPA Method 502.2 is more sensitive then Method 8260 at
low concentrations. Method 502.2 is the Drinking Water
method, and does not test for alcohols or ketones. Method
8260 tests alcohols and includes some ketones.

Appendix C Please describe in more detail how the microorganisms
were added. Was the sludge added directly to the
bioreactor? Or were extracts or isolates used? What
provisions were taken to avoid introducing harmful
organisms?

The inoculum sludge arrived in liter bottles. The bottles
were kept sealed and refrigerated to avoid contamination.
After carbon addition, the reactor was run in full recycle
mode. The sludge was then added directly in the top of
the reactor.

Page C-4, Paragraph 4 The text mentions that the DO profile in the bioreactor
was measured before the air stripper was taken offline.
Please include these data in Appendix E.

Complete. See revised appendix.

Page C-6, Paragraph 6 The text states: "Therefore, the range of ethanol
concentrations at which complete perchlorate and nitrate
destruction is lost lies between 50 and 70 mg/L." The

Agree. Additional data gathered since the Draft report
was issued suggest that additional work is needed to
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Location

Appendix D

Appendix D, last page

EPA Comment
definitiveness of the statement seems unwarranted given
the short one-time test of the relationship. I recommend
presenting the relationship between ethanol concentration
and perchlorate destruction as a hypothesis in need of
further evaluation.

Can the coliform results that are presented as
MPN>200.5/100mL be quantified?

Please include results from all blanks and replicate
analyses.

A metals result on 2/19/98 (for iron) is reported as
"TEQUILA." Please explain.

Response
optimize ethanol addition.

Yes; however, no attempt was made to quantify MPN >
200.5 for samples collected during this treatability study.
Quantification for MPN > 200.5/100 mL requires dilution
of the sample or that the Quantitray method be used.

Please see Appendix D for blank and replicate samples.

This has been corrected.

Location

Page 1, Paragraph 1

Baldwin Park Operable Unit Steering Committee
EPA Editorial Comments

Phase 1 Draft Report

Comment

Metropolitan prefers that their role be described as
assisting Three Valley. They request that the 1*
sentence be modified as follows: "...U.S. EPA
Region IX (EPA) and Three Valleys Municipal

Response

Agreed. The text has been modified accordingly.
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Location Comment Response
Water District (TVMWD), in association with
Metropolitan Water District of Southern California
(MWD), have been planning..."

Page 1, Paragraph 4, Sentence 3 The revised RfD may or may not lead to an
enforceable standard.

Agree. This sentence has been changed to:

The U.S. Air Force with EPA review is presently
performing toxicity studies that will be the basis
for a revised Reference Dose (RfD), which will in
turn be evaluated to develop an enforceable water
quality standard.

Page 1, Paragraph 4, last sentence Other factors, including demands by users of the
treated water, may affect the decision whether to
treat for perchlorate.

Agree. This paragraph has been modified to
include:

In addition, the demands of water users may
affect the decision whether to treat for
perchlorate. Once this numerical value is
established and the demands of water users have
been evaluated, a determination regarding
whether BPOU groundwater must be treated for
perchlorate can be made.

Page 3, Section 2.3 There appears to be an extra "than" in the 1*
sentence.

We believe this sentence to read correctly.

Page 4, 3rd line Not all parameters were analyzed for. Suggest
deleting the word "all."

Primary and secondary water quality parameters
were analyzed on 5/18 and 6/15/98. The text has
been modified accordingly.
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Page 4, Section 3.2 The text states that the "...the biomass will be 15
feet high." Presumably, this is the height of the
fluidized bed (i.e. suspended carbon granules) with
attached biomass.

Unable to locate this comment. The height of the
bioreactor bed is 10 feet.

Page 4, Sectjon 4.0 To support findings made in the text (e.g.,
relationship between DO loading and perchlorate
removal), we suggest you add references to data
presented in the Tables. No reference is made in the
text to Table 3.

The text has been modified accordingly.

Page 6, Section 5.1 Denitrification is misspelled.

Electrical charge doesn't balance in the
denitrification reaction.

As written, the text incorrectly states that ethanol is
converted to chloride and nitrogen.

The spelling has been corrected.

The equation has been corrected.

The text has been corrected to:

Note that nitrate and perchlorate are completely
destroyed, and the carbon substrate (ethanol) is
oxidized by bacteria. The end products for the
process are biomass, carbon dioxide, water,
chloride, and nitrogen.

Page 8, Section 5.3.3 There appears to be an extra "at" at the beginning of
the 5th line.

The text has been corrected to:

At higher DO concentrations (4 to 8 mg/L), or
low recycle rates, complete reduction of
perchlorate and nitrate was not achievable
regularly or reliably (higher DO concentrations
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Location Comment Response
result from use of the air stripper). The new
section number is 5.4.3.

Page 9, Section 5.3.3. The rate constants listed above the arrow in each
equation appear superfluous.

The rate constants are shown to highlight that
each reaction occurs at an independent rate. The
new section number is 5.4.3.

Page 9, Section 5.3.3, Paragraph 2 There appears to be an extra word ("... reactor
bioreactor...") in the 5th line.

This sentence has been removed from the text.
The new section number is 5.4.3.

Page 9, Section 5.3.3, Paragraph 4 In the first line, the word "stripper" is misspelled. This sentence has been removed from the text.
The new section number is 5.4.3.

Page 12, Section 5.3.9 Since the microbes were not identified, is there really
any evidence that Voltera's principle applies?

The text has been changed to:

This phenomenon is best understood in the
context of variations in the biomass population
and competing reactions. At low and high DO,
different organisms likely competed for
dominance. In a high DO environment, the
microorganisms utilized oxygen as their
preferred electron acceptor. In a low DO
environment, microorganisms that utilize nitrate
and perchlorate as their preferred electron
acceptors dominated. It is likely that there were
microorganisms that were present in both high
and low DO conditions. The new section number
is 5.4.3.
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Location Comment Response

Page 13, Section 5.4, Paragraph 4

Page 15,1st bullet

The text states that "Testing for VOC degradation
products showed no detectable concentrations of
VOC degradation products..." Couldn't TCE be a
degradation product?

Influent sample data collected from 3/6/98 to
3/27/98 indicated PCE was detected four times
ranging from 0.18 to 0.25 ug/L. TCE in these
same samples ranged from 170 to 250 ug/L.
Thus, while it is possible some TCE was
generated from degradation of PCE, it does not
appear likely to be a significant source. Please
refer to Section 5.4.7 for further discussion.

Table 3 We suggest adding a note specifying where the
influent DO is measured. It appears that it was
measured at port C, after internal recycle.

DO is measured at Port C (bioreactor influent
and after internal recycle) and at the G port
(bioreactor effluent). Table 3 has been modified
accordingly.

Plate 6 For this and any other figures showing perchlorate
concentrations near the detection limit, indicating
the quantitation limit on the figure would help the
reader correctly interpret the data (i.e. the
perchlorate concentration did not necessarily
stabilize at 4 ug/L).

A quantitation limit for perchlorate has been
added to the appropriate figures.

Page B-l, 3rd bullet In the 5th line, eductor is misspelled. The text has been changed to:

The oxygen generation system, bubble contactor,
and eductor will not be used during this study.

Page 6-2,1" bullet In the 6th line, the word "of is missing. The text has been changed to:

However, the groundwater well flow rate was
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increased slowly during this startup because of a
concern that if the groundwater well flow rate
was increased too quickly, the biomass might
wash out of the system before it was completely
attached to the GAC.

Page C-2, Paragraph 4 Some words appear to be missing from the last
sentence.

The text has been changed to:

The average influent reactor temperature was
18.2°C.

Page C-4, Paragraph 3 In the l" line, should the sentence be corrected to
state that the ORP decreased (rather than rose)?

The text has been changed to:

The ORP value in the effluent averaged -103
mV. From January 13 through 23,1998, the
ORP fell to an average of-209 mV; however,
nitrate or perchlorate destruction did not
improve.

Page C-4, Paragraph 5 The last line in the paragraph states that the DO was
reduced to a range of 9.5 to 1 mg/L. Should the 9.5
mg/Lbe0.95mg/L?

The text has been changed to:

To test this theory, the air stripper was taken
offline on January 24,1998, effectively
decreasing the undiluted influent DO from a
range of 8 to 10 mg/L to about 1 mg/L.
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